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ABSTRACT 



This ihesis investigates the utility of figurative 
symcciogy for tactical situation displays. The purpose was 
to determine if p^ore descriptive symbology — figurative 

symbciogy or use cf more lifeliice images to represent 
targets — would enhance evaluation of a tactical situation 
display, i.e., enable the user to more rapidly assimilate 
and evaluate a tactical situation display. Basis for 

comparison was the Navy Tactical Display System (NTDS). 
Specifically, experiments used in our research included 
comparisons of monochromatic NTDS, color NTDS, and color 
figurative symbologies. 

The analysis of the data obtained from the experiments 
suggests color symbology is s ignif i cantiy better than 
monochromatic symbology and figurative is better than NTDS 
symbology. Specif ically , color f igurative(green/red ) was 

determined to be best, followed in order by, color 
f igurative(blue/orange) , color NTDS, then monochromatic 
NTDS . 
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I. INTHODUCTICN 



A. 3ACKGR0UNE 

The use oT miiiiary syrnbois dates back at least to the 
days cf Napoleon. 'Aar.are has changed considerably since 
that era and so have the methods by which the battlefield 
environment is graphically portrayed. [Ref.l] The wars of 
yesteryear were very localized. Battlefields were often of a 
size that permitted a commander to view the entire battle 
area from a hilltop vantage point. Under these conditions, a 
commander could track ail of his activity with a table-top 
situation display. The geographical area portrayed was 
small, and the number of symbols required to indicate 
activity was minimal. Rapid movement of units was a rare 
event, so frequent updating of the display was not a 
requirement. Now, with mechanized infantry, armor, missile 
and rocket installations, supersonic aircraft, airmobile 
units, multipurpose naval vessels, etc., the variety of 
symbols required has greatly proliferated. [Ref. 2] 

3. HISTORICAL PERSPECTIVE 

"r^ilitary commanders throughout history have faced the 
problem cf controlling their forces for decisive application 
of military power, with the objectives of achieving a 
desired physical action at a particular location at a 
determined time and cf getting infcr'^ation bacK: about the 
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outcome. [Hef.i] Ir. the first documented times of early 
warfare, ‘'battle commanders sought a high hill or other 
vantage point from which to view the oattle^^s progress. They 
invented various means of providing the communications with 
which to ccmmard forces: mirrors, flags, harps, herns, 
drums, and even messengers." [Ref. 4 ] Information feedback to 
the commander was through direct observation and commands 
could be issued or reissued in time to direct/redirect 
forces. 'As the geographical scope of warfare and the 
mobility of forces increased, the ability to instrument the 
battle in such a way that a coherent picture of it could oe 
transmitted to a remote commander, and the communications 
necessary to transmit a timely picture, failed to keep 
pace. " [Ref .4] Land force commanders began to move flags 
about on charts or sand tables, using bits and pieces of 
intelligence information about enemy disposition and 
operational reports from friendly forces. Naval commanders 
used similar methods, as did Air Defense commanders to try 
to watch and control their forces. The commander with the 
most accurate and timely information and the best 
communications to support information flow should be 
successful in his pursuit. [Ref. 4] 

This process of generating, disseminating, and digesting 
information became an important part of the formula for 
success. With the growing appetite for information came 
radar. "The air defense commander was no longer dependent 



upon ground, observer or corrioai patrol reports for vital 
information on enerry aircraft position or velocity," lRef.4] 
Ke could determine tde location of friendly aircraft and 
cculd nov see the air battle coherently and control his 
forces. Certainly radar was no panacea for force control 
because radars were not easily relocated, they were strictly 
1 in e-c f-s i§h t , and eventually the enemy developed 
capabilities to easily jam the radar. Attempts to first 
exploit the radar resulted in manual control centers. One cf 
the first examples of a manual control center was that of 
the Strategic Air Command (SAC). SAC's mission required the 
most advanced command and control system possible. The 
global nature of SAC's mission made it imperative to meet 
and solve problems caused by distance, honor the need for 
clarity anc security of instruction, and keep track of 
thousands of minute details. Large display boards were used 
to track ail force activity. Current positions of ail enemy 
and friendly units were painstakingly plotted. Large display 
panels, mounted on trolleys, consisted of plastic covered 
maps and were used by commanders to direct the force. Battle 
staff technicians plotted new information on these charts as 
it became available. [Ref.bJ Later a switch was made tc 
transparent illuminated plastic display areas where reverse 
plotting could be acccmpiished and would not obstruct the 
view of the force directors. This system cf plotting display 
beards is still used today. This system served its purpose 
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weill however, it was slow ana cum bersorne . "Since it 
representea the apogee of a manual system, automated 
assistance was imperative." [Ref. 5] 

In the late 1940's there i*as a 'Slack Box" approacn to 
ccmmand and control rea.uirements . Equipment was developed 
ana producea for specific applications and little or no 
consideration was given to environment. Scon clack coxes 
were being designea to interface with blacK boxes, but the 
real breakthrough came with the advent of the computer. Now 
the radar systems could be fully exploited. "The computer 
could improve the coherence of the radar picture of the air 
cattle by performing many of the processes which humans had 
been doing imperfectly. Calculation of heading and speed, 
calculation of intercept solutions, remembering the identity 
of many moving targets — ail of these processes ana many 
more." The first example of computer application coupled 
with radar (1957) was the Air Force's Semi-Automatic Ground 
Environment (SAGE) system. This system was a netwcric of 
radars with com, munica t ions for connecting and cross- 
connecting radars to regional control centers and the North 
Am,erican Air Defense heaaquart er s . [Ref. 5] 

"At the beginning of the 1960's, a committee examining 
ccmm^ana ana control concluded that the capabilities of our 
weapon systems had outstripped our ability to command and 
centre! them. Survivatle ccmmand centers and rapid, 
redundant means of communications were being required, with 
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SAC and the Air Defense Command leading the way." [Ref. 6] 
A Id i t i 0 na 1 ly , other developments affected force management. 
The size of a conflict area had clearly expanded oeycnd 
line- of- sight and over-the-horizon. Weapons had greater 
range and capability. Sensor coverage and capabilities 
overlapped and required coordination for effective use. The 
coherence of forces depended almost entirely on 
communications, data processing, and ether electronics 
related functions. Almost concurrently with this surge for 
more command and control capability came the technological 
revolution. Rapid technologica 1 advances made a significant 
impact on the development ana application of defense related 
systems . 

”By the mid 1960s, we had learned several hard lessons. 
C3 systems could not be acquired like weapon systems. They 
had to evolve with continuing user participation." [Ref. 6] 
If we take a moment to stop and review C3 evolution, we 
recognize that an integral part of good effective C3 is the 
control of information. What a great information processor 
the computer was to be. However, there still existed a 
major stumbling block — defining information needs. Modern 
computers and communications make it possible to retrieve 
and/or process an almost infinite amount of information. 
But, too much information in the system causes great 
congestion, and too much detail can confuse the decision 
makers ar.a waste time at a critical point. In spite of these 
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dangers, the reduciion or elimination of validated 
infcrmaticn requirements continues to be except icnally 
liificult. [Ref. 6] This process of information distillation 
or information c empress ion Dcils down to what dees the 
commander really need? This simple question gives rise to 
many areas that affect the multi-faceted spectrum- of 
military operations. It became obvious that we needed a 
system fer amalgamating ail information inputs and providing 
ccmmianders with an information display system than was 
easily evaluated. Cne aspect of this information display 
system - tactical situation displays - is addressed by this 
thesis . 

C. PURPOSE 

During our C3 Exercise Laboratory (OS3750) class at the 
Naval Postgraduate School, the authors of this paper 
participated in a series of experiments which attempted to 
measure whether or not information processing tasks could be 
enhanced hy presentation of information in color versus 
monochromatic. These experiments confronted subjects with 
static naval tactical situation displays. Results of these 
experiments indicated an improvement in performance when 
using color displays. As a result of our pa rt ic ipat ion in 
these experiments, several questions developed regarding 
symbology for targets. We thought the target symbology used 
was difficult to immediately recognize. Specifically, these 
experiments were based on the Navy Tactical Display System 
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which uses syrr'coio^y consisiing of circular, square, and 
rhcmbic shapes tc depict targets. Also, we considered that 
syrbois could he tailored to provide more information. The 
authors experience with military symbols indicated that the 
daily or constant user of tactical situation displays is 
able to adapt to the use of non-f igurat ive or abstract 
symtclcgy, e.g., NTBS synools. Use of these abstract 
symbols has teen necessitated to date because of equiprrent 
limitations. However, with the advance of technology, 
particularly in the areas of computer driven raster scan 
devices, it is now possible tc tailor symbology tc provide 
more information in a concise manner. With this 
observation, we postulated that assessment of a tactical 
situation display may be further enhanced using color 
figurative symbology. This thesis focuses on im.proved 
information content for tactical displays. 
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II. DESCRIPTION 01; EXPERIMENTS 



Experifnents were conaucted to test the null hypothesis 
that there is no difference between NTDS symbcic^y and 
figurative symhoiogy. We speculated that descriptive 
symbology would enhance evaluation of a tactical situation 
display, i.e., enable the user to more rapidly assimilate 
and evaluate a tactical situation display. Addi tionally , 
the experiments again addressed the issue of whether or not 
color enhances a subject's ability to assimilate 
information. This issue was expanded to include an 
assessment of green/red/whi t e versus blue/orange/white to 
indicate f riendly/hcstile/unknown forces. 

A. DEEINITIONS 

In the context of this paper, references to NTDS 
symbology are those symbols used in the NTDS system, 
particularly as used in the Warfare Environment Simulation 
(WES) game. Circular shapes represent friendly forces, 
rhombic shapes represent hostile forc^es, and square shapes 
represent forces of unknown allegiance (Figure 1). 

Monochromatic NTDS displays refer to displays wherein 
the red and blue electron guns on the graphics display 
device were disabled. This resulted in a display with a 
green background and white symbology. 



Color NTES symbology refers to ihe color symbology used 
ir the WES game. The WES game uses blue to Indicate friendly 
forces, orange to indicate hostile forces, and white to 
indicate forces cf unlcnown allegiance. Use of color with 
NTES symbology results in redundant coding of the symbols 
allegiance . 

"Eigurative" symbology refers to lifelike shapes — actual 
shapes that look like ships, planes, and submarines used to 
represent targets (Figure 2). 

Color figurative ( blue/orange) symbology refers to the 
symbolcgy developed oy the authors. The colors (clue, 
orange, and white) match those usea in color MTDS and have 
the same meaning. 

Color figurative (green/red) symbology uses the same 
symbols as developed for color figurative (blue/orange) but 
uses green to represent friendly forces and red to represent 
hostile forces. White again represents unknown forces. Use 
cf green/red/whi te to represent f riendiy/host ile/unkncwn 
forces was recommended by the authors of GRAPHIC DISPLAYS, A 
HUMAN ENGINEERING GUIDE iOR USING CRT COMMAND AND CONTROL 
DISPLAYS. [Ref.7j 

"Mcde" or "Treatment" refers to monochromatic NTDS, 
color NTDS, or color figurative display techniques. 

S. DESIGN 

Two experiments were designed. Their objectives were: 

1. To compare response reactions to monochromatic 
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NTDS displays, color NTDS displays, and color figurative 
displays. 



2. To compare subject's ability to recreate a 
tactical display from rrerrory. 

1 . Experiment 1 

This experiment was designed to test and compare 
reaction times to monochromatic NTDS displays, color NTDS 
displays, color figurative ( olue/orange) displays, and color 
figurative (green/red) displays. 

In this experiment, fcur sets of five tactical 
situation displays were used (Appendix D). Specifically, 
these displays were composed of land masses, sea, geographic 
coordinates, and targets oriented around the aircraft 
carrier Enterprise(ENTER on displays). Each of the five 
displays had a different composition of targets and varied 
in complexity from display 1 (9 symbols) to display 5 (27 
symbols). The five displays in each mode were shown in 
random order. The monochromatic NTDS displays were exact 
duplicates of the color NTDS displays except that the red 
and blue electron guns were disabled. The color figurative 
displays were mimicKs of the NTDS displays, i.e., displays 
were replicated in all particulars except that figurative 
symbology was presented instead of NTDS symbology. To 
present the displays and query the subjects, a software 
routine that had been developed by LCDR Ellen Roland for the 
CS 3750 class experiment was adapted for this experiment. 
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The rrechenics of the experiment had each subject 
viev* four moces of tactical situation displays: 

monochromatic NTDS, color f igura t i ve ( biue/o ra nge ) , color 
NTDS, and color f igurative(green/rea) . The test was 

administered tc four groups* each group contained six 
subjects (Appenaii A). Order of mode presentation was 
determined by the subject's group (Appendix B) . Each mode 
contained five tactical situation displays as previously 
described. Within each mode, order of presentation of 
displays was randomized to insure the subject received the 
displays in varying order of complexity for each treatment. 
Each display was accompanied by six questions (Appendix C). 
The questions appeared at a terminal that provided immediate 
feedback. This terminal was separate from the device used 
to present the tactical situation displays (Figure 3). 
Questions required that subjects evaluate the display 

regarding symbol type (aircraft, ship, or submarine) symbol 
allegiance ifriendiy, hostile, or unicnovn) or both (type and 
allegiance). Questions were repeated untii the subject 
responded correctly. Total time until correct response was 
recorded for each question. The measure of effectiveness 
used for evaluation of the displays was total time to 
correct response for each question. 

2 . Experiment 2 

The second test involved presentation of either a 
monochromatic NTDS display or a color figurative (green/red) 



display i'cr 50 seconds. Suojects were then asiced to attempt 
to reproduce the tactical display from memory. The display 
was an exact replication of display number two used in 
experiment l. The display had eighteen targets with the 
Enterprise in the center as a reference. 

Prccedurely , each subject was shown the display and 
then provided a map (Figure 4) that had target locations 
marlted. Individuals were asked to identify target type and 
allegiance. Scoring was accomplished hy awarding one point 
for correct identification of target type and one point for 
correct allegiance. Maximum total points was thirty-six. 

The test was administered to two groups, each with 
twelve subjects (Appendix A). The subjects were the same as 
those that participated in experiment 1. The groups were 
randomly structured with no specific criteria of tactical 
display experience. 

C. SUBJECTS 

Twenty-four students of the Naval Postgraduate School 
volunteered as subjects for the experiments. Ail twenty-four 
were military officers, 10 from the Air Force, 2 from the 
l^arine Corps, 7 from the Navy, and 5 from the Army. Three 
of these subjects had extensive previous experience with 
military display systems* seven had moderate and fourteen 
had little or no previous experience. Five had previous 
NTDS experience. All subjects were part of the Command, 
Control, and Communications curriculum. 



Subjects were divided into four groups of six each. This 
grouping deterrrined the oraer of presentation of modes. 
Subjects were placed into groups according tc levels of 
tactical situ alio n display experience. Each group had a 
relatively equal trii of experience levels to minimize 
biasing due to previous experience. The order of mode 
presentation (Appendix 5) was changed fcr each group tc 
minimize confounding due tc learning effects. 

D. APPARATUS 

Each of the subjects was tested using a CCMRAC video 
display (Figure 3) for projecting the tactical display. 
Adjacent to the video screen, subjects were seatea in front 
of an Ann Arbor terminal (video and keyboard). This 
equipment is located in the Commend, Control and 
Com.munica lions (C3) Laboratory at the Naval Postgraduate 
School . 

1. PROCEDURES 

At the start of each trial, subjects were briefed on the 
purpose and extent of the experiments. Each was acquainted 
with both NTDS and figurative symbology. Also, the details 
of question type, display idiosyncrasies, and potential 
stumbling blocks were explained. Questions addressing the 
tactical situation displays were presented on the Ann Arbor 
terminal. Subjects responded to questions by depressing tne 
correct number key followed by a carriage return. If an 
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incorrect response was rrade, the qnestion would be repeateo 
until it was answered correctly. When correct, the next 
question would be displayeu. This cycle continued through 
each display and subsequent Ticde. 

Z n vi ro nrr en ta 1 ly , subjects were tested in a darkened area 
with sufficient lighting to easily read and recognize ail 
displays. Levels of i liunrina tion to include brightness, 
contrast, and color were adjusted on the graphics terminal 
in order to standardize each trial as nearly as possible. 

I. ASSUMPTIONS 

Due to resolution limitations of the Genisco graphics 
device, the size of the figurative symbols did not precisely 
match the size of the NILS symbols. However, the slightly 
larger size of the figurative symbols contributed to a more 
cluttered display than with the NTLS symbols. These were 
assum.ed to be counter-balancing factors. 

Also because of equipment resolution limitations, no 
attempt was mane to develop figurative symbology in a 
monochromatic mode. We assumed that cur experimental 
results would again stow that color displays were superior 
to monochromatic thereby permitting comparison of color 
figurative versus color NTLS. 

The measure of effectiveness (moe) for experiment 1, 
i.e., subject response time, may not be the ideal method for 
evaluating tactical situation display presentation 
techniques. However, response times are measurable 



quaniilies ihat can be sia tis licaiiy evaluaied. Considering 
that time to analyze a tactical situation, i.e., locate the 
enemy, is an important rr;iiitary consideration, use of 
response times as an moe was ass urn ea to be appropriate. 
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III. 



EVALUATION 



A. DATA COLLECTION AND REDUCTION 

for experiment l, the suojecis' totei response times for 
each question were processed by a computer program and 
written into data files. This data was then consolidated 
into a more readable format. Appendix E contains response 
times brcAen down by treatment, question, and subject. In 
som.e cases, subjects had difficulty understanding the 
question. This resulted in an unusually high response ti.me. 
Tc minimize this sAewing effect, these times were discarded 
in the following manner: the group mean for the other five 
subjects was calculated and inserted in place of the higher 
time. In Appendix E these substitutions are shown in 
parentheses next tc the original response time. 

Next, the data were furtner aggregated into the three 
categories of questions (type, allegiance, or both) by 
adding the response times for questions of the same category 
(Figure 5) and then dividing by the number of questions that 
were added. This resulted in a mean response time per 
question and category. These data are shown in Appendix ?, 
Table V in conjunction with means and variances computed by 
group, question, display and treatment. Cuestions are shown 
in Appendix C. 
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icr eiperlment 2, each subject's map was scored by 
awarding one point for correct identification of symbol type 
and one pcint fcr correct allegiance. Maximum score was 
eighteen in each category for a total of thirty-six points. 
Appendix G shows the scores. 

B. CALCULATIONS OF MEANS AND VARIANCES 

Appenaix 5 contains the means and variances of the 
subjects' response times. Table V shows means and variances 
by group, question, display and treatment. Table VI 
contains the means and variances by question, display and 
treatment. Table VII shows the overall means and variances 
by question and treatment, iinaily. Table VIII contains the 
irrend means eno variances by treatment. Means and variances 



were caicuiaied by using; the I'crtran computer prc^?ram listed 
in Appendix H. 

C. ANALYSIS 0? IXPIRIhSNT 1 

The analysis of data was none in two parts. First, 
sinple mean and variance statistics were calculated and 
examined. Then, analysis cf variance (ANCVA) [Ref. 6] was 
used to test for significance of the individual factors and 
tc estimate the effects cf the aifferent levels of the 
factors. 

1 . Comparison Of lYean Response Times 

Comparison of mean response times cannot be 

considered statistically conclusive because of the large 
variances involved. However, comparison of means can give 
one insight into how subjects' performances were affected by 
display treatments. For example, consider Table V, 

^'cnocbroma ti c NTTS Display 1. Subjects 1-6 (group A) were 
shown this display treatment first, while subjects 7-12 
(group B) saw it Iasi, subjects 13-18 (group C) saw it 
third, and it was the second display treatment for subjects 
18-24 (group D) . The improvement of group mean times for 
questions referring to symbol type, group A-16.33 seconds, 
group D-12.67 seconds, group C-12.2-0 seconds, and group fi- 
ll. 5C seconds, would seem to indicate the presence of 
learning effects. Likewise, consider Table V, Color NTDS 
Display 4 1. Order of presentation was group C (first), 
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group E (secona;, group A (ihira), ana group D (.fourth), 
l^ean ilrres for allegiance were C-6.83 seconds, B-6.e7 
seconds, A-t.7b seconds, and E-4.P0 seconds. Again, the 
presence cf learning eifects is indicated. Siarrination oi 
the ireans fcy groups and display for the sarre treatment 
indicate learning effects for the majority cf the displays 
and questions. 

If improvement in response time is due solely to 
learning effects, than one would expect to see an 
improvement in the same group's mean times dependent only on 
order of treatment. Consider group A's performance on 
display number two. Group A first saw display two in 
monochromatic NTDS, followed by color figurative 
( blue/o range ) , color NTDS, and finally color figurative 
(green/red). Group mean times for type were 20.33 seconds, 
10.17 seconds, 13.23 seconds, and 10.17 seconds. Likewise, 
consider group C on display number four. Order cf 
treatments was color NTDS, color figurative (green/red), 
monochromatic NTDS, and color figurative (blue/orange). 
Mean times for type were 17.17 seconds, 11.67 seconds, 12.67 
seconds, and 10.50 seconds. In the majority of displays no 
clear trend of improvement is evidenced. This suggests that 
improvement in response times is not based simply on 
learning effects. 

Since for each display ana treatment, each group saw 
the display at a different point in their trials, the means 
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Dy question , aispiey and treatment should tend to smooth 
learning effects of the groups. Table VI contains the 
overall means by question, display and treatment. For 
display one, r onoc.hr omat ic NTDS had the slowest mean 
response times in all three question categories. Also for 
display one, color figurative (green/red) had the best times 
for questions referring to symbol type and both, and color 
NTDS had the third best mean times for type and both, (^ean 
response times fcr questions referring to allegiance were 
essentially the same for the three color treatments for all 
displays. Further examination shows that monochromatic NTDS 
had the slowest mean response time in every case except one. 
Color figurative (green/red) had the best time for questions 
referring to symbol type in every case except for one. 

Next, the overall means by question and treatment, 
shown in Table VII, were considered. Now a clearer picture 
begins to emerge. Color figurative (green/red) is best in 
every category of question. For questions referring to 
symbol type, it is 1 .4y seconds better than color figurative 
( blue/orange) , 4.25 seconds better than color NTDS, and 6.33 
seconds better than monochromatic NTDS. For questions 
referring to allegiance, it is 0.18 seconds better than 
color figurative ( blue/ orange } , 0.61 seconds better than 
color NTDS, and c.y? seconds better than monochromatic NTDS. 
for questions referring to both, color figurative 
(green/red) is 0.68 seconds better than color figurative 



( Diue/o range ) , 0 .Si:# seconds oeiter ihan color NTDS , ana 3.S7 
seconds cetier ihan moncchrorriatic NTCS. For ail categories, 
color figurative (green/red) is best, followed in order by 
cclcr figurative Ulue/c range ) , cclcr NTDS, and 
rronochrortatic MDS . 

Finally, the grand mean for all groups, questions 
and displays by treatment were calculated. As shown in 
Table VIII the order of best response times was the same as 
shown in the preceding paragra^-h. While these mean response 
tines have seen used to gain insight into the subjects' 
performances, they cannot be considered s ta t is t i ca 1 iy 
conclusive because of the variances involved. Also, effects 
such as learning, display difficulty, and previous 
experience are not considered. Therefore, a statistically 
rigorous procedure, analysis of variance, was performed to 
allow these other potentially im.portant effects to be 
cons ider ed . 

2. Analysis of Variance 
a. Hypothesis 

We hypothesized that figurative symbology would 
improve operator target recognition times. The experiment 

null hypothesis was; 

Ho; 1^1 = Mki = rs = t^4 

where M is the mean question response time and 1-4 represent 
modes monochromatic NTDS, color figurative (blue/orange), 
color NTDS, end cclcr figurative (gfeen/red), respectively. 
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The alternate hypothesis is irr.piiei — the rean response tires 
for the respective modes are dirt'erent. 

In aadition to testing our basic hypothesis, we 
felt it was important to test for significance of 
rone/di spiay type interactions and mode/question type 
interactions. 

b . Model 

Analysis of variance considered the model: 

Y(s,d,q)=M+bXl + bX2-i-As+Bd+Cq + Isd+Isq + Idq+Rsdq 

where Y(s,d,q) would represent the response to the qtn 
question, dth display, and sth mode. M is the mean response 
time; hXl and liXli represent the two covariaties learning and 
experience; As is tne main effect due to mode; Bd is the 
main effect due to display difficulty; Cq is the main effect 
due to question format; Isd, Isq, and Idq represent 
interactions from the main effects; and Rsdq is the residual 
term. The ccvariaoies and the factors, display and 
question, were included in the model because of our belief 
that each would affect the response time. Their inclusion 
in the model allows for a reduction of the error variance 
mahing tests of the hypothesis of interest more valid. 

In performing the analysis of variance we 
compiled the data from the twenty four subjects and loaded 
the data into a file on the Naval Postgraduate School IBM 
3233 computer. The data were loaded into a matrix (1440x6) 



with information incluaing specific response times to 
questions, mode t/pe (4 levels), display difficulty (5 
levels), question format (3 levels), learning covarieole, 
and the experience covariaoie. The APL program, AMOVA, was 
used to calculate the sums of squares, mean squares, degrees 
of freedom, and the P statistics. The API program allowed 
us to first construct the full model as illustrated 
previously and then reduce this model. 'A'ith each successive 
reduction, we were able to eliminate a portion of the full 
model, lest an hypothesis, and determine how much effect 
each individual factor contributed to the overall model, 
i.e., how much variability could be attributed to individual 
pieces . 

This model was analyzed to describe all possible 
elements of variability. The following ANCVA table (Figure 
6) dissects the miodel, illustrating the contributions of 
individual factors. 

The significance levels of the factors in this 
mcdei maice it possible to reject tne null hypothesis: 

Ho; 1^1 = = f^4 

Having established that the main effects of the 
model are significant, we can continue to examine the monel 
to explain which mode presentation was best, which display 
was easiest, and draw seme conclusions about question 
categories . 
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Figure 6. ANOVA Results 
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Fararetsr esiiiraies (Figure 7) were supplied as 
a ty-prcdiict of the APL program used. Crefficients for each 
mode, each display, and eacn question are noted. The 
coefficients in each of these groups have been normalized. 
Specifically, the last element in each of the groups is 
zero. All ether elements of the respective groups are then 
compared to this zero value. To evaluate these parameters, 
each was compared to tne normalized value. 

Analysis of these parameters indicated that 
color sym.bology did signif icantiy better than monochromatic. 
Spec if ica 1 ly , the green/red figurative symbology performed 
best. On the average, questions involving monochromatic 
displays tocA 5.h seconds longer to answer than did those 
using figurative green/red symbols. (As indicated earlier, 
questions used for each mode presentation were the same.) 
Additionally, questions of color NTDS displays took almost 2 
seconds longer and questions of figurative blue/orange took 
.78 of a second longer. As a summary comment, the 
figurative symbology yielded significantly better results 
than did monochromatic NTDS, but was only a moderately 
better performer when color was added. However, it did 
cut-perform the NTDS symbology. 

In rev-iewing the difficulty of displays, the 
review of tne parameter estimates indicates that the easiest 
display to respond to was display one (nine targets). The 
most difficult display was display three (twenty-one 
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largeis). This resuii seernea scrrewhai inconsistent oecause 
lisplay three aid not have the most targets. However, this 
display din have higniy clustered symbcls, with seme 
overlapping, which made individual target discrimination 
more dirflcult. The other displays ranked in order of 
difficulty according tc number cf targets. 

As an added observation, the parameters for each 
of the co-variables (Figure 7} is consistent with expected 
results. Coefficients are negative, which indicates that an 
individual with more tactical display experience will answer 
questions more quickly. Also, as individuals were 
progressively exposed to each of the modes, learning 
occurred end responses were quicker. 
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PARAMETER ESTIMATES i 



Monochromatic 
Color Figurative 
Cclcr NTDS 
Color Figurative 

Display 1 
Display Z 
Display 3 
Display 4 
Display 5 



5.5149 
(E/C) 0.7767 

1 .9104 

(C-/R) 2.0 

-3.1611 
-1 .3862 
2.9232 
0 .9407 
0.0 






Experience -0.6100 

Learning ~1 .3499 



Figure 7. Parameter Estimates 



c. Surfmary Of Analysis Of Variance 



Two specific ooservations can oe mane aDoui 
Ziperirreni 1. First, aaaitioii of color to sycrbols 
significantly improved response times to questions aoout tne 
situation display. Second, figurative symbology performed 
better than i\TDS symooicgy. Although the proportionate 
increase is not as great, both sets of color figurative 
symcciogy performed better than NILS. The best performer was 
the color figurative (green/red) mode. 

B. ANALYSIS 01 EXPERIhENT 2 

1 . Comparison of hean Response Times 

The response scores are shown in Appendix G. Means 
and variances (for n-1 degrees of freedom) were computed. 
Mean response scores for questions referring to type were: 
monochromatic - 13.92 and color figurative (green/red) - 

14. 17. Mean scores for allegiance questions were: 

monochromatic - 13.42 anu figurative - 13.08. Mean total 

scores were; monochromatic - 27.33 and figurative - 27. 2h. 

Examination of the mean scores indicates no difference in 
performance between the two treatments. To confirm this 

observation, an analysis of variance was performed. 

2 . Analysis Of Variance 
a. Hypothesis 

In this experiment we again hypothesized that 
figurative symbology would do better than NTDS symbology. 



The eiperimeni hypothesis was: 

Ho: Ml = Ml; 

where M is the mean response score for sucject's ability to 
reproauce targets from a timed display end 1-Z represent 
modes monochromatic and color figurative (green/red), 
b. Analysis Of Variance 

In doing the analysis on this experiment, we 
ccnsidered the model: 

Y(d,q) = M bXl + Ad + Eq + Idq + Rdq 
where Y(d,q) would represent the score of subject? oXl is a 
covariable representing experience? Ad is a main effect due 
to mode, monochromatic or color figurative green/red? Bq is 
a main effect due to question type, either a type target 
question or an allegiance question? and Rsd is the residual 
term . 

Analysis was accomplished with an API program. 
The data were loaded into a matrix (48 x 4) with information 
including specific scores of individuals, mode, question 
category (type or allegiance), and an experience covariable. 
With the APL program, we were able to structure an ANOVA 
model and then, through successive reductions of the moael , 
we were able to determine contributions of individual 
effects to the total variability within the model. 
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Figure 8. ANOVA Results 

Figure 3 contains the ANOVA table which 
indicates that none of the effects within this ircdei were 
significant. The null hypothesis cannot be rejected. 



IV. DISCUSSION AND CONCLUSIONS 



A. CONCLUSIONS 

This researcn effort was directed at deterininlng the 
utility of figurative symoology for use in tactical 
situation displays. Results of experirrent one confirmed 
the advantage of using cclcr versus monochromatic displays. 
Adai t ionai iy , the advantage of using figurative versus NTDS 
symbols was demonstrated by experiment one. '»hereas 
experiment one aadressed tasKs involving speed of target 
recognition, we conclude that use of ccior figurative 
symbologies in military tactical situation displays merits 
further investigation. 

Experiment two addressed utility of color versus 
monochromatic displays in tasics involving memory of target 
location. Results of experiment two do not support use of 
color figurative displays in situations that require 
mem.orizatioQ of displays. This result is attributed to the 
redundant coding of the NTDS symbology. Subjects had to 
memorize only symbol shape in order to remember both symbol 
type and allegiance when viewing the monochromatic NTDS 
display. The color figurative symbology required 
memorization of both symbol shape and cclcr in order to 
remember type and allegiance. One may postulate that the 
color figurative subjects \*ere actually processing more 
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inforiration, i.e., processing irore mental Oils than those 
that viewed the monochromatic displays. If true, one coula 
then conclude that the color figurative test suoiects had to 
outperform the monochromatic test subjects in order to 
achieve the same mean scores, further i nvest ih:at ion of this 
possibility is left for future stuay. 

B. DISCUSSION Gj FUTURE SYSTEMS 

Nowhere is the neea for accurate, up to the minute and 
easily comprehensible information more necessary then in a 
conflict situation. The ability to sort out and interpret 
information quickly is of the utmost Importance. Because of 
the military's large data bases, the amount of information 
available to commanders is immense. The use of computer 
graphics to display data allows the commander to get maximum 
information. The high inform.ation content in a graphic 
display will enable the operator to assimilate mere data 
with far less fatigue. Also, the ability to update the data 
instantaneously on the screen gives the commander the most 
current information available to aid in his decision-making 
process. [Ref. 9j 

As noted previously, symbology used in tactical 
situation displays has been limited by technology. However, 
the technology now exists to develop computer graphic 
display symbology that can be tailored to meet specific user 
needs. '*hy net fully exploit this capability? Although not 
illustrated specifically in this thesis, potential does 



exisi now for develcpin,^ even more descriptive symbology 
than was developed oy the authors. Just visit your local 
game arcade and take a close lock at the electronic games. 
The level of symbol detail available in these devices is 
ahead of most current military display systems. To continue 
to provide commanders with efficient display systems, the 
military trust take advantage of these advances in 
technology . 
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APPENDIX B 



ORDER Of TREATr^ENTS BY GROUP 
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APPENDIX C 



DISPLAY 1 
CueslicR 1 
Question 2 
Question 3 
Question 4 
Question 5 
Question 6 



DISPLAY 2 
Question 1 
Question 2 
Question 3 

Question 4 
Question 5 

Question 6 

DISPLAY 3 
Question 1 
Question 2 
Question 3 

Question 4 
Question 5 
Question 6 



DISPLAY 4 
Question 1 
Question 2 
Question 3 

Question 4 
Question 5 
Question 6 

DISPLAY 5 
Question 1 
Question 2 

Question 3 
Question 4 
Question 3 
Question 6 



EXPERIt^ENT 1 QUESTIONS 



How many air units are displayed? 

How many friendly units are displayed? 

Hew many enemy suemarines are displayed? 

How many units are west of the Enterprise? 

How many enemy air units are displayed? 

Which o.uadrant has the largest concentration of 
enemy units? 



How many air units are displayed? 

How many friendly units are displayed? 

How many enemy units are in the quadrant with 
the greatest concentration of enemy units? 

How many submarines are displayed? 

How many units are northeast of the Enterprise 
excluding friendly units? 

How many unknown air units ere displayed? 



How many enemy surface units are displayed? 
flow many friendly units are displayed? 

How many friendly units are in the quadrant 
containing the largest number of friendly units? 
How many unknown units are displayed? 

How many air units are displayed? 

How many units are northeast of the Enterprise 
excluding friendly units? 



How many enemy units are displayed? 

How many friendly air units are displayed? 

How many enemy units are in the quadrant with the 
greatest concentration of enemy units? 

How many unknown surface units are displayed? 

How many subsurface units are displayed? 

How many friendly units are displayed? 



: How many surface units are displayed? 

How many friendly air units are north of the 
Enterprise? 

How many unknown units are displayed? 

How many friendly surface units are displayed? 

How many enemy surface units are in the NW quadrant? 
Hew many submarines are displayed? 
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6 i 


c; 


6 




4 


1 

1 




1 

\ 


1 

1 


17 ! 


1 

w 1 


4 1 


3 


A 




4 


1 

1 


P 

w 


i 

1 


1 

1 

1 

1 


18 1 


6 1 


e 1 


p 


6 




4 


1 

1 

1 

1 


7 


1 

1 

i 

1 


1 

1 

1 

1 


19 1 


10 1 


4 1 


6 


23(6) 




A 


1 

1 

1 

1 


P 

w 


1 

1 

1 

1 


1 

1 


20 1 


10 1 


6 1 


4 


5 




3 


1 

1 


c 


1 

\ 


1 

1 


21 1 


14 ! 


« ! 

W 1 


25 


6 




8 


1 

1 


11 


1 

1 


1 

1 


'£2 I 


7 1 


5 i 


P 


4 




5 


1 

1 


c 


1 

1 


1 

1 


23 I 


30(9) i 


37 I 5 ) 1 


10 


9 




c; 


1 

1 


15 


1 

\ 


1 

1 

1 

1 

T — — 


24 ! 


6 1 
i 
1 


e ! 


P 


7 




5 


1 

1 

1 

1 




\ 

I 

\ 

I 



TABLI IV-b 



COLOR FIGURATIVE (GREEN/REL) RESPONSE TIPES 



^ — 

1 

1 

1 


DISPLAY 


















1 

1 


i 

1 

1 

i 


queslicn 


1 

1 


1 


1 

1 


2 ! 


3 1 


4 


b 1 


6 


1 

1 

1 

1 


1 

1 

1 

1 

1 


sub jeci 


i 

1 

1 

1 




i 

1 

1 

1 








1 

1 

1 

1 




1 

1 

1 

1 

1 


1 

1 

1 

i 


1 


1 

1 

i 

1 


19 


1 

1 

1 

1 


13 1 


9 1 


6 


1 

1 

8 1 


c: 


1 

1 

1 

1 


1 

1 


2 


1 

1 


9 


1 

1 


7 1 


16 1 


5 


6 ! 


T 

O' 


i 

1 


i 

i 




1 

1 


16 


1 

1 


9 1 


4 1 


e. 


7 1 


4 


1 

) 


1 

1 


4 


1 

1 


9 


1 

1 


10 1 


8 1 


7 


9 1 


6 


1 

i 


1 

1 




1 

1 


18 


1 

1 


12 ! 


7 1 


13 


10 I 




1 

1 


1 

1 

1 

1 


e 


1 

1 

1 

1 


10 


1 

1 

1 


12 1 


7 1 


6 


14 ! 
1 

1 




I 

1 

1 

1 


t 

1 

1 

1 


7 


1 

1 

1 

1 


8 


1 

1 

1 

1 


21 1 


c 1 


8 


1 

1 

7 1 


5 


1 

1 

1 

1 


1 

1 


8 


1 

1 


5 


1 

1 


7 1 


K 1 


5 


6 1 


c; 


1 

1 


1 

1 


9 


1 

1 


8 


1 

1 


9 1 


6 1 


8 


42(7) ! 


8 


1 

1 


i 

1 


10 


1 

1 


12 


1 

1 


7 ! 


p 1 




7 1 


4 


1 

1 


1 

1 


11 


1 

1 


11 


i 

1 


8 1 


c; j 


7 


7 ! 


4 


1 

1 


1 

] 

1 

1 


12 


1 

1 

1 

1 


9 


1 

1 

i 

1 


13 ! 


6 ! 


16 


10 i 
1 
1 


7 


1 

1 

1 

1 


1 

1 

1 

1 


13 


1 

1 

1 

1 


11 


1 

1 

1 

1 


11 1 


14 1 


8 


12 1 


5 


1 

1 

1 

1 


1 

\ 


14: 


1 

1 


9 


1 

1 


6 1 


u . 1 


6 


9 ! 


7 


1 

1 


1 

1 


15 


1 

1 


13 


1 

1 


18 1 


4 1 


8 


6 1 


5 


1 

1 


1 

1 


16 


1 

1 


12 


1 

1 


6 1 


9 1 


5 


9 ! 


4 


1 

1 


i 

1 


17 


1 

1 


15 


i 

1 


9 I 


6 1 


7 


15 1 


c 


1 

1 


1 

1 

1 

1 


18 


1 

1 

1 

1 


10 


1 

1 

1 

1 


11 1 


18 1 


14 


17 ! 
1 
1 


5 


1 

1 

1 

1 


1 

1 

1 

1 


19 


1 

1 

1 

1 


11 


i 

1 

1 

1 


16 1 


10 I 


8 


1 

1 

9 1 


6 


1 

1 

1 

1 


1 

1 


20 


1 

1 


24 


1 

1 


7 1 


u 1 


5 


9 1 


7 


1 

1 


1 

I 


21 


1 

1 


6 


1 

1 


11 1 


c:; 1 


c. 


10 1 


4 


i 

1 


1 

1 


22 


1 

1 


8 


1 

1 


12 1 


6 1 


8 


7 ! 


5 


1 

1 


1 

1 


23 


1 

1 


15 


1 

1 


25 1 


15 1 


9 


22 1 


7 


1 

1 


i 

1 

1 


24 


1 

1 

1 


10 


1 

1 

1 


8 1 


7 ! 


14 


12 1 
1 


7 


1 

1 

1 


1 




1 




1 








1 




1 
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- j 



TAELI IV-c 



COLOR flGURATIVE (GREEN/HEC) RESPONSE TI^SS 



1 DISPLAY 3 I 

1 1 


1 

1 

1 

1 


question | 


1 i 


2 1 


'■i 1 

w 1 


4 


i 

1 




1 

6 1 
1 


1 

1 

i 

1 


subject 1 






1 

1 

1 

1 




1 

1 

1 

1 




1 

1 

1 

1 

1 


1 

1 

1 

1 


1 ! 


15 1 


11 i 


1 

1 

10 j 


7 


1 

1 

1 

1 


11 ! 


1 

1 

9 ! 


1 

1 


^ ! 


12 ! 


10 i 


10 ! 


•7 


1 

1 


6 1 


9 ! 


1 

1 


3 I 


7 i 


7 i 


9 1 


4 


1 

1 


16 ! 


12 1 


1 

1 


4 ! 


6 1 


9 ! 


14 1 


b 


1 

1 


10 1 


20 ! 


1 

1 


& 1 


10 1 


S 1 


11 ! 


4 


1 

1 


13 ! 


9 1 


1 

1 

1 

1 


5 1 


12 1 


7 I 


£ 1 
1 
1 


5 


1 

1 

1 

1 


9 ! 


12 1 

1 

1 


\ 

1 

1 

1 


7 I 


7 i 


9 j 


11 i 


5 


1 

1 

1 

1 


9 ! 


16 1 


1 

1 


6 1 


7 ! 


6 ! 


9 1 


4 


1 

1 


6 1 


9 1 


1 

1 


9 1 


7 1 


12 ! 


11 1 


c 


1 

1 


11 ! 


8 i 


1 

1 


10 I 


8 ! 


6 1 


16 ! 


6 


1 

1 


6 1 


11 I 


1 

1 


11 1 


14 1 


12 1 


6 ! 


3 


1 

1 


12 1 


14 1 


i 

1 

1 

1 


12 1 


10 1 


19 1 


12 i 

1 

1 


7 


1 

1 

1 

1 


9 1 


16 1 
1 
1 


1 

i 

i 

1 


13 ! 


41(10)1 


65(7) 1 


1 

2S ( 10 ) ! 


6 


1 

1 

1 

1 


11 ! 


1 

127(11) j 


1 

1 


14 ! 


8 1 


8 1 


£ ! 


4 


1 

1 


£ ! 


13 1 


1 

1 


lb 1 


6 1 


7 ! 


9 1 


13 


1 

1 


10 1 


11 ! 


1 

1 


le ! 


11 i 


8 1 


9 1 


6 


1 

I 


7 I 


11 1 


1 

1 


17 1 


6 1 


6 ! 


6 ! 


5 


1 

I 


9 i 


7 1 


1 

1 

1 

1 


le 1 


17 j 


8 ! 


18 ! 
1 
1 


5 


I 

1 

1 

1 


20 j 


14 ! 
1 
1 


1 

\ 

1 

1 


19 ! 


11 1 


6 ! 


1 

1 

12 1 


4 


1 

1 

1 

1 


10 1 


10 ! 


1 

1 


20 1 


9 i 


7 1 


11 1 


4 


1 

1 


9 ! 


48(14)1 


1 

1 


21 1 


7 1 


6 1 


10 ! 


4 


1 

1 


^ 1 

O 1 


9 I 


1 

1 


22 1 


7 1 


8 ! 


9 I 


4 


1 

1 


9 1 


15 1 


1 

1 


23 1 


16 1 


11 1 


21 1 


c:; 


1 

1 


1 


21 1 


1 

1 

1 

I 


24 1 


20 i 


21 i 


13 ! 
1 
1 


8 


1 

1 

1 

1 


11 ! 


16 1 
! 
1 
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TABLE IV-d 



COLOR FIGURATIVE (GREEN/REL) RESPONSE TII^SS 



+ — 

1 

1 

1 


DISPLAY 4 














1 

1 

1 


1 

1 

1 

1 


question 


1 1 


2 1 


TK 1 

^ 1 


4 


1 5 1 


6 


\ 

1 

1 

1 


1 

1 

> 

1 

1 


subject 1 
1 
1 










1 1 

1 1 

j i 

1 1 




1 

1 

1 

1 

1 


1 

1 

1 

1 


1 

1 

1 1 


7 ! 


9 1 


7 1 


6 


i 10 i 


15 


1 

1 

1 

1 


1 

1 


2 ! 


24(10) i 


11 ! 


6 1 


5 


1 5 1 


35(14) 


I 

1 


J 

1 


3 1 


5 i 


5 1 


8 1 


A 


1 111 


15 


1 

1 


1 

1 


4 1 


7 1 


15 i 


8 1 


7 


1 23 1 


14 


1 

1 


1 

1 


5 ! 


18 1 


12 1 


7 ! 


13 


1 10 1 


5 


1 

1 


1 

» 

1 


6 1 
1 
1 


8 ! 


£ 1 


U 1 


14 


1 y 1 

J 1 

1 1 


15 


1 

1 

1 

1 


1 

1 

1 

1 


1 

1 

7 ! 


6 1 


7 1 


6 ! 


5 


1 1 

1 1 

1 9 i 


10 


I 

1 

1 

1 


1 

1 


8 1 


6 ! 


4 1 


7 ! 


6 


1 6 1 


16 


1 

1 


1 

1 


9 j 


7 I 


a i 


6 1 


6 


1 9 1 


12 


1 

1 


1 

1 


10 1 


6 1 


7 i 


u 1 


5 


1 8 1 


31 


1 

1 


1 

1 


11 1 


6 1 


7 1 


es 1 


A 


1 9 ! 


9 


1 

1 


1 

1 

1 

1 


12 1 
1 
1 


10 1 


20 1 


14 1 


7 


1 111 
1 1 
1 1 


19 


1 

1 

1 

1 


1 

1 

1 

1 


13 ! 


13 1 


30 i 


18 i 


6 


1 10 1 


14 


1 

1 

1 

1 


1 

1 


14 1 


10 1 


9 1 


6 1 


4 


1 18 1 


38 


1 

1 


1 

1 


15 1 


7 ! 


9 i 


7 1 


6 


1 10 1 


9 


1 

1 


1 

1 


16 ! 


7 i 


5 1 


7 1 


7 


1 10 1 


22 


1 

1 


1 

1 


17 ! 


6 1 


6 1 


7 ! 


p; 


1 7 1 


12 


1 

1 


1 

I 

1 

1 


18 1 
1 
1 


8 1 


8 i 


8 1 


7 


1 15 1 

1 1 

1 1 


13 


1 

1 

1 

1 


1 

1 

1 

1 


19 I 


7 ! 


16 1 


o 1 

C 1 


4 


1 13 1 


14 


1 

1 

1 

1 


1 

1 


20 1 


6 ! 


7 1 


12 1 


5 


1 42(13)1 


23 


1 

1 


1 

f 


21 1 


6 ! 


5 1 


7 1 


A 


1 13 1 


9 


1 

1 


1 

1 


22 i 


8 1 


9 1 


16 1 


7 


1 12 1 


21 


1 

1 


1 

1 


23 1 


14 1 


23 1 


35(12)1 


55(6) 


1 14 1 


20 


1 

1 


1 

1 

1 

1 


•24 ! 

1 
1 


11 1 


11 1 


19 1 


10 


1 64(13)1 
1 1 

1 1 


23 


1 

1 

1 

1 
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TABLE IV-e 



COLOB FIOURATIVE (GREEN/REE) RESPONSE Tir"ES 



— 

1 

1 


DISPLAY . 


2 














1 

1 

1 


i 

1 

i 


queslicn 


1 1 


c 


1 

1 




4 ! 


5 ! 


6 


1 

1 

1 

1 


1 

1 

t 

1 

1 


subject 


1 1 

1 1 

I 1 

1 1 




I 

1 

1 

1 






1 

1 

1 

1 




I 

1 

1 

I 

1 


1 

1 

1 

1 


1 


13 i 


11 


1 

1 

i 

1 


p; 


11 1 


1 

7 ! 


10 


1 

! 

1 

1 


1 

1 


2 


1 y 1 


7 


1 

1 


3 


12 ! 


8 1 


8 


1 

1 


i 

1 




14 i 


5 


1 

1 


4 


9 ! 


7 1 


7 


1 

1 


1 

1 


4 


16 1 


10 


1 

1 


Py 


10 1 


15 1 


9 


1 

1 


1 

1 


5 


14 1 


7 


1 

1 


4 


10 1 


y 1 


y 


1 

1 


1 

1 

1 

1 


6 


! ^4 1 

1 1 

1 1 


13 


1 

1 

1 

1 


4 


10 1 


6 1 
1 
1 


9 


1 

1 

1 

1 


1 

1 

1 

1 


7 


i 24 i 


7 


1 

1 

1 

1 


p 


15 i 


1 

10 i 


10 


1 

1 

1 

1 


1 

1 


8 


1 38 ! 


11 


1 

1 


4 


7 1 


8 ! 


7 


I 

1 


1 

1 


y 


! 60(21)! 


8 


1 

1 


7 


8 1 


5 j 


3 


1 

1 


1 

1 


10 


i 11 1 


6 


1 

1 


4 


7 1 


6 1 


6 


1 

1 


1 

1 


11 


1 18 1 


8 


1 

1 




7 1 


5 1 


10 


1 

1 


1 

1 

1 

1 


12 


1 12 ! 
t 1 

I 1 


8 


1 

I 

1 

1 


P 


8 1 


1? 1 
1 
1 


14 


1 

1 

1 

1 


1 

1 

I 

1 


13 


1 1 
i 42(13) i 


8 


1 

1 

1 

1 


P 


T 1 


1 

1 

9 1 


10 


1 

1 

1 

1 


1 

1 


14 


I 15 1 


5 


1 

1 


4 


7 1 


7 1 


11 


1 

1 


1 

1 


15 


! 12 1 


6 


1 

1 


4 


8 1 


8 1 


8 


I 

I 


I 

1 


16 


! 44(13)1 


y 


1 

1 


8 


8 1 


IS 1 


10 


1 

1 


j 

i 


17 


1 13 1 


6 


1 

1 


4 


6 1 


7 1 


12 


1 

1 


1 

1 

1 

1 


18 


1 11 1 
I 1 

I 1 


8 • 


1 

1 

1 

1 


R 


11 1 


7 ' 

1 
1 


9 


1 

1 

1 

1 


1 

1 

1 

1 


ly 


1 1 
i 48 ( 25 ) i 


y 


1 

1 

1 

1 


5 


11 1 


13 1 


10 


1 

1 

1 

1 


1 

1 


20 


1 57(25)1 


y 


1 

1 


R 


16 ! 


41(17)1 


8 


1 

1 


I 

1 


21 


i 21 1 


7 


1 

1 


"X 


P 1 


7 ! 


6 


1 

1 


1 

1 


22 


1 26 1 


9 


1 

1 


4 


6 ! 


8 ! 


7 


1 

1 


1 

I 


23 


1 88(25)1 


11 


1 

1 


p 


12 ! 


36 1 


14 


1 

1 


1 

1 

1 

i 


24 


! 28 1 
1 1 

1 1 


9 


1 

1 

1 

1 


10 


11 ! 


23 1 
1 
1 


10 


1 

1 

1 

1 
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APPENDIX £ 



EXPERIMENT 1 MEANS AND VARIANCES 







TABLE V-a 






MEAN 


AND VARIANCE BY 


GROUP, QUESTION 


, DISPLAY, AND 


TREATMEN' 




MONOCHROMATIC NTDS DISPLAY ff 1 




SUBJ 


ECT 


TYPE 


ALLEGIANCE 


BOTH 


1 




8.00 


8 . 50 


6.33 






30 .00 


13.50 


11.00 


3 




21.00 


14.50 


9.67 


4 




16 .00 


9 .00 


8.67 


5 




16 .00 


15 .50 


9.00 


6 




8.00 


10.00 


13.00 


GROUP 


MEAN 


16.33 


11 .63 


9.61 


GROUP 


variance 


69 .87 


9.17 


5.09 


7 




7.00 


9.50 


6.33 


8 




17 .00 


8.50 


4.67 


9 




18 .00 


6.50 


5.33 


10 




8.00 


6.00 


5.67 


11 




7 .00 


6.00 


5.00 


12 




12 .00 


13.50 


9.33 


GROUP 


MEAN = 


11 .50 


Q T? 
CD • w ^ 


6.06 


GROUP 


variance 


25 .10 


8.47 


2.90 


13 




16.00 


8.50 


8.00 


14 




10.00 


8.50 


9.67 


It) 




8 .00 


6.00 


5.33 


16 




12 .00 


6 . 00 


10.67 


17 




9.00 


6.00 


5.00 


18 




17 .00 


5.50 


5.00 


GROUP 


MEAN = 


12 .00 


6 .75 


7.28 


GROUP 


VARIANCE 


14.00 


1.88 


6.38 


19 




6 .00 


5.50 


6.00 


20 




25 .00 


6.50 


8.00 


21 




5 .00 


5.50 


5.33 


cc. 




6.00 


13.00 


10.67 


23 




17 .00 


19 .00 


i T T '7 


24 




17 .00 


14.00 


9.00 


GROUP 


MEAN 


12 .67 


10.58 


8.72 


GROUP 


VARIANCE 


67 .47 


31.34 


8.91 


quest: 


ION MEAN 


13.12 


9 .38 


7.92 


QUESTION VARIANCE = 


42 .11 


15.09 


6.99 




DISPLAY MEAN 


10 . 14 






DISPLAY VARIANCE = 


25.68 





TABLE V-b 



MEAN AND VARIANCE 


BY 


GROUP, QUESTION 


, DISPLAY, AND 


TREATMENT 


COLOR FIGURATIVE (BLUE/ORANG 


E) DISPLAY # 1 




SUBJECT 




TYPE 


ALLEGIANCE 


BOTH 


1 




7.00 


6.00 


4.67 


2 




9.00 


10 .50 


7.33 


3 




6 .00 


9 .50 


7.67 


4 




6 .00 


7.00 


6.00 


5 




6.00 


5.00 


6.67 


6 




6.00 


5.00 


7.00 


GROUP MIAN 


= 


7 .00 


7.17 


6.89 


GROUP VARIANCE 




1 .60 


5.47 


1.94 


7 




13.00 


6.50 


5.67 


u 




15 .00 


7.00 


8.33 


9 




33.00 


9.00 


8.00 


10 




12.00 


9.00 


14.33 


11 




8 .00 


4 . 50 


6.00 


12 




10.00 


8.50 


9.00 


GROUP MEAN 


= 


15 .17 


7.42 


8.89 


GROUP VARIANCE 


= 


82.17 


3.14 


8.37 


13 




7.00 


5 .50 


6.33 


14 




5 .00 


3.50 


5.33 


15 




7 .00 


4.00 


3.67 


16 




4.00 


3.50 


4.67 


17 




7 .00 


4.50 


4.00 


18 




6 .00 


4.00 


6.00 


GROUP MEAN 


=r 


6.00 


4.17 


5.00 


GROUP VARIANCE 




1.60 


0 .57 


1.15 


19 




6 .00 


4.00 


4.67 


20 




6.00 


3 .50 


4.00 


21 




4 .00 


3.50 


6.00 


22 




5 .00 


5 .50 


5.67 


23 




11.00 


5 . 50 


6.00 


24 




9.00 


4.50 


5.00 


GROUP MIAN 


= 


6 .83 


4 .42 


5.22 


GROUP VARIANCE 


= 


6.97 


0.84 


0.65 


CUSSTICN MEAN 


= 


8 .75 


5.79 


6.50 


QUESTION VARIANCE 


= 


34 .54 


4 . 54 


5.17 


DISPL 


AY MEAN 


7.01 





riSPLAY VARIANCE = l£ .95 
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TABLE V-c 



r'lAN AND VARIANCE BY GROUP, gUISTICN, DISPLAY, AND TREATMENT 

COLOR NTDS DISPLAY " 1 



subj: 


ECT 




TYPE 


ALLEGIANCE 


BOTH 


1 






7 .00 


6.00 


7.33 


2 






11.00 


5.00 


5.33 


3 






11.00 


5.00 


5.67 


4 






15 .00 


7.00 


6.67 


5 






12.00 


5.00 


7.33 


6 






13 .00 


6.50 


P 'X'X 


GROUP 


MEAN 


= 


11 .50 


5.75 


6 . 44 


GROUP 


VARIANCE 


= 


7.10 


0.77 


0.69 


7 






18 .00 


8.00 


6.00 


S 






5 .00 


7.00 


4.67 


y 






18.00 


6.50 


6.67 


10 






y .00 


5.50 


7.67 


11 






8 .00 


5.00 


5.00 


12 






12 .00 


8.00 


15.67 


GROUP 


MEAN 




11 .67 


6.67 


7.61 


GROUP 


VARIANCE 




29.07 


1 .57 


16.78 


13 






8.00 


8.00 


11.33 


14 






11 .00 


6.50 


10.00 


15 






12.00 


4 .50 


C 'Z'Z 
w • O 


16 






13.00 


5.50 


7.33 


17 






7 .00 


10.50 


4.33 


18 






9.00 


6.00 


8.33 


GROUP 


MEAN 




10.00 


6.83 


7. 78 


GROUP 


VARIANCE 


- 


5.60 


4.57 


7.19 


19 






5 .00 


3.50 


4.00 


20 






14.00 


3.00 


4.33 


21 






6 .00 


5.00 


4.33 


22 






7.00 


4 . 50 


9.67 


23 






17.00 


6.00 


10.67 


24 






9.00 


5.00 


8.33 


GROUP 


MEAN 




9 .67 


4 . 50 


6.89 


GROUP 


VARIANCE 


= 


23.07 


1.20 


9.11 


CUESTION MEAN 


= 


10 .71 


5 .94 


7.18 


CUESTION VARIANC 




14.91 


2 .66 


'^.65 






DISPLAY MEAN 


= 7.94 





DISPLAY VARIANCE = 12.31 
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TAELI V-d 



r^ZAN AND VAHIANC 


£ BY GROUP, QUESTION 


, DISPLAY, AND 


TREATMENT 


COLOR 


FIGURATIVE (GREEN/RE 


D) DISPLAY # 1 




SUBJECT 


TYPE 


ALLEGIANCE 


BOTH 


1 


£ .00 


6.00 


^ 'll 


2 


6.00 


8.00 


4 


3 


5 .00 


5.50 


an 


4: 


6 .00 


6.00 


a 'x'x 

W • o o 


5 


8.00 


4.00 


6.00 


6 


5 .00 


4.00 


5.00 


GROUP f^IAN 


= 


5.53 


5.11 


GROUP VARIANCE 


= 1 .87 


2.24 


1.00 


7 


y .00 


11.50 


5.33 


6 


5 .00 


4 .50 


4.33 


y 


10.00 


4.50 


7.00 


10 


7 .00 


3 .50 


^ "X 


11 


10 .00 


7.00 


4.00 


12 


y .00 


6.00 


6.67 


GROUP MEAN 


= 6 .33 


6.17 


5.44 


GROUP VARIANCE 


= 3 .87 


8.37 


1.46 


13 


y .00 


6.50 


5.67 


14 


7 .00 


4 .50 


K '7 T 

V- • O 


15 


6 .00 


5 .00 


5.00 


16 


6.00 


5 . 50 


5.00 


17 


3 .00 


4 . 50 


3.67 


18 


6 .00 


6.50 


5.00 


GROUP MEAN 


= 6.17 


5.42 


4.95 


GROUP VARIANCE 


= 3 .77 


0 .84 


0.46 


19 


10 .00 


4.50 




20 


10.00 


6.00 


4.33 


21 


14 .00 


8 .50 


13.00 


22 


7 .00 


5 .50 


4.67 


23 


y .00 


10.00 


8.00 


24 


6 .00 


6.00 


5.67 


GROUP MEAN 


= y .33 


6 .75 


6.83 


GROUP VARIANCE 


= 7 .87 


4.28 


10.79 


CUESTION MEAN 


= 7.54 


5 .98 


5.56 


CUES T ION VAR I AN C 


E = 5 .65 

DISPLAY MEAN 
DISPLAY VARIANCE = 


3.71 
6.37 
4 .91 


'z aa 
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TABLZ V-e 



FEAN 


AND VARIANCE BY 


GROUP, QUES 


TICN, DISPLAY, AND 


TREATMENT 




« 

^'ONOCHROhATlC NTDS 


DISPLAY # 2 




SUEJ 


ECT 


TYPE 


ALLEGIANCE 


BOTH 


1 




10 .00 


11 .67 


6.00 


2 




31.00 


14.00 


9.00 


3 




17.50 


18 .00 


5.00 


4 




23 .00 


26.67 


16.00 


5 




25 .00 


22.33 


7.00 


6 




15 .50 


16 .00 


13.00 


GROUP 


UEAN 


20 .33 


16 .45 


9.33 


GROUP 


VARIANCE 


56.17 


29.76 


16.67 


7 




25 .00 


10 .33 


4.00 


8 




6 .00 


12.00 


6.00 


9 




14.50 


14.67 


9.00 


10 




14 .50 


8 .33 


6.00 


11 




12 .50 


9.33 


5.00 


12 




13.00 


12 .33 


11.00 


GROUP 


MEAN 


14 .58 


11 .17 


6.83 


GROUP 


VARIANCE 


31 .74 


5 .29 


6.97 


13 




16.00 


13.33 


5.00 


14 




12.50 


10 .33 


7.00 


15 




10 .50 


11.00 


5.00 


16 




9.50 


12 .00 


5.00 


17 




10 .00 


7.67 


5.00 


16 




21 .50 


18 .00 


5.00 


GROUP 


MEAN 


13.67 


12.06 


C TT 

W • O 


GROUP 


VARIANCE 


24 .47 


12.06 


0.67 


19 




9.00 


15.67 


5.00 


20 




16 .00 


12.00 


7.00 


21 




17 .50 


11.33 


6.00 


22 




21 .00 


15.67 


5.00 


23 




22 .00 


22.00 


12.00 


24 




20 .00 


21 .67 


15.00 


GROUP 


MEAN = 


17 .56 


16 .39 


6.33 


GROUP 


VAR I Ain CS 


22 .64 


21.05 


17.47 


QUEST 


ION MEAN 


16 .54 


14.51 


7.46 


QUEST 


ION VARIANCE = 


3c .54 


24.27 


11.91 




DISPLAY MEAN 


= 12.64 






DISPLAY VARIANCE 


= 38.93 
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TABLE V-r 



I^IAN ANE VARIANCE BY GROUP, QUESTION, DISPLAY, AND TREATMENT 
COLOR FIGURATIVE (BLUE/CRANGF ) DISPLAY # 2 



SUBJECT 




TYPE 


ALLEGI 1.NCE 


BOTH 


1 




6.50 


C TtT: 
C • v-' 


6.00 


2 




5.00 


8.00 


4.00 


3 




7.50 


u 


9.00 


4 




10 .00 


10 .67 


6.00 


5 




21.50 


9.33 


5.00 


6 




8 .50 


8 .67 


5.00 


GROUP MEAN 




10.17 


9 .06 


5.83 


GROUP variance 




33.57 


0.91 


2.97 


7 




11.00 


23.00 


13.00 


5 




9 .50 


12.00 


5.00 


9 




10.00 


9.00 


6.00 


10 




8 .00 


8.00 


5.00 


11 




9.00 


8 .00 


4.00 


12 




10.50 


13.67 


6.00 


GROUP MEAN 




9 .67 


12.28 


6.50 


GROUP VARIANCE 


= 


1 .17 


32.86 


10.70 


13 




7.00 


9.00 


4.00 


14 




7 .00 


5.67 


4.00 


15 




6 .50 


5.33 


4.00 


16 




6 .00 


6.00 


3.00 


17 




6 .50 


6.67 


4 .00 


IS 




6 .50 


n 'Z'z 

1 • ^ o 


5.00 


GROUP MEAN 




6.58 


6.67 


4.00 


GROUP VARIANCE 


~ 


0.14 


1 .62 


0.40 


19 




S .00 


6.67 


4.00 


20 




5.00 


C, 'Z'Z 

sJ » 


4.00 


21 




5 .50 


4.33 


3.00 


22 




6 .00 


6 .67 


6.00 


23 




9.50 


8.33 


6.00 


24 




10 .50 


11.00 


10.00 


GROUP MEAN 


- 


7 .75 


7 .06 


5.50 


GROUP variance 


= 


4.68 


5.58 


6.30 


QUESTION MEAN 




8.54 


8.76 


5.46 


QUESTION VAR I AN C 


jL 


10.78 


14 .10 


5.30 




DISP 


LAY ^EAN 


= 7.59 






DISPLAY Variance 


= 12.09 
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TABLE V-fc 

ANE VAHIANCZ EY GHGUP, OUESTIC^, DISPLAY, Af.D TR ZAT'^EN T 
COLOR MDS DISPLAY ^ 2 



SUEJZCI 




TYPE 


ALLEGIANCE 


PCTK 


1 




e .50 


9 .33 


6.00 


2 




10 .50 


6 .67 


6.00 


3 




14.00 


7 . 67 


11.00 


4 




lb .00 


8 .67 


7.00 






16.50 


8.00 


5.00 


5 




15 .00 


n 'z'z 

f • o 


7.0 0 


GROUP MEAN 


= 


13 .2b 


7 .95 


7.00 


GROUP variance 


=: 


b .48 


0 .91 


4 . 40 


7 




13.50 


9 . 00 


4.00 


u 




12 .50 


6 .67 


5.00 


u 




lb .00 


13.00 


6.00 


10 




11.00 


10.33 


9.00 


11 




lb .50 


13 .33 


5.00 


12 




15 .50 


11.00 


9.00 


GROUP rZAN 


=: 


13 .83 


10.56 


6.33 


GROUP VARIANCE 


= 


3 .37 


6.29 


4.67 


13 




20 .50 


16 .33 


7.00 


14 




17 .50 


14 . 00 


6.0 0 


lb 




14 .50 


12 .67 


6.00 


16 




14 .50 


U 

C7 • o ^ 


5.00 


17 




21.00 


7.00 


6.00 


Ifc 




16 .50 


8.00 


12.00 


GROUP r^ZAN 


- 


17 .42 


11.22 


7 '7,'Z 

1 • o «-/ 


GROUP VARIANCE 


rr 


8 .04 


13.54 


6.27 


lb 




7 .00 


6.67 


4.00 


20 




a .00 


c; 'Z’x 

»_ • 


5.00 


21 




y .50 


7.00 


10.00 


cc. 




13 .00 


7.33 


9.00 


23 




11 .00 


6.00 


5.00 


24 




12.50 


8.67 


8 . 0 0 


GROUP MEAN 


=: 


10.17 


7.17 


6.63 


GROUP VAR I AN Cl 


=r 


5 .87 


1 .33 


5.17 


QUESTION MEAN 


— 


13 .57 


9.22 


6.58 


QUESTION VARIANC 




12 .73 


7 .83 


4.61 




DISPLAY MEAN 


= 9.92 






DISPLA 


,Y VARIANCE 


= 16.26 






wl 











Ah LI V-n 



t^ZAi\ AM) VAHIANCE 


BY 


GROUP , 


CUESIICN, DISPLiiY, ANL 


TREATf^ENl 


COLOR ilGUEATIVS ^GR2EN/HEL) LliipLAY 2 




SUE JiCT 




‘lYPE 


ALLEGIANCE 


BOTH 


1 




12 .50 


10.00 


5.00 


2 




5 .50 


y .67 


3.00 


1 




10 .50 


5.67 


4.0 0 


4- 




b .00 


y .00 


5.00 


C 




Id .50 


y .67 


5.00 


6 




y . 0 0 


10.33 


5.0 0 


GROUP I^EAN 


- 


10 .17 


y . 2 2 


A. 67 


GROUP V■ARIA^CE 


=: 


12 .37 


1 .76 


1.07 


? 




e .00 


11.33 


5.00 


6 




D .00 


6.00 


5.00 


A- 




S .00 


7 . 


£.00 


10 




6.50 


5.33 


4.00 


11 




y .00 


6.67 


4.00 


12 




12 .50 


10 .33 


7.00 


GROUP rPAi\ 


= 


8.50 


8.00 


5 . 50 


GROUP YARIAUCE 




5 .60 


5.10 


2.70 


13 




y .50 


A. 0- • ^ 


5.00 


14 




7 .50 


1 • i-/ 


7.00 


ID 




10 .50 


y .33 


5.00 


16 




8 .50 


8.00 


4.00 


17 




11.00 


10.00 


5.00 


le 




12 .00 


1 *_ • 


5.00 


GROUP MAN 


=: 


y .53 


10 .3y 


5.17 


GROUP VARIANCE 


= 


2 .77 


8 .yo 


0.97 


lb» 




y .50 


11.67 


6.00 


20 




14 .50 


7 .00 


7 . 0 0 


21 




5 .50 


8 .67 


4.0 0 


2 2 




£ .00 


8.33 


5 .00 


25 




12.00 


20.67 


7.00 


24 




12 .00 


y . 00 


7 . 00 


GROUP N'SAN 


ZD 


10 . ^ D 


10 .8y 


6 •22 


GROUP VARIaNCR 


- 


10 .48 


25 .29 


i.ed 


CUES T ION r-EAN 


= 


y .6y 


y .62 




lUESTION VAr.IANCE 


= 


7 .34 


-1 r* A 

1 jU • C 


1.62 


T 


Q PT 

tU ^ 


AY MAN 


= 8 . 22 




DI 


S ?L 


AY VARi 


.-iNCE = 10.43 





TABLZ V-i 



MAN AND \AEIANCI bY 


GROUP, 


QUESTION, DISPLiiY, AND 


TREATrZN 


^O^iOChP.C^ATlC 


NTDS DISPLAY f? 3 




SL'EJZCT 


TYPE 


ALLEGIANCE 


BOTH 


1 


47 .00 


18 .25 


24.00 


b. 


3y .00 


29.00 


24.00 


3 


y .00 


21.00 


20 .00 


4 


ly .00 


20.50 


15.00 




04 .00 


35.00 


22.00 


6 


17.00 


15.75 


16.00 


GRCIP N'ZAN 


2b .63 


23.25 


20.17 


GFCUP VAR IAN Cl 


206.5? 


53.00 


15.37 


7 


25.00 


16.25 


17.00 




10 .00 


14.50 


14.00 


b 


22 .00 


17 .75 


11.00 


10 


17.00 


19 .25 


16.00 


11 


lb .00 


11 .25 


13.00 


1'^ 


50 .00 


16.00 


11.00 


GROUP N’lAN 


23 .17 


15.83 


13.67 


GROUP VAR I AN CZ 


200.57 


7 .67 


6.27 


13 


24 .00 


13.75 


17.0^ 


14 


ly .00 


18.00 


13.0 0 


lb 


17 .00 


10 .75 


11.00 


le 


11.00 


21.25 


11.00 


17 


37.00 


11.25 


9.00 


Ifc 


ly .00 


14.25 


29.00 


GfiCUP N'ZAN 


21.17 


14 .88 


15.00 


GROUP VARIANCZ 


77.77 


16 .44 


54.40 


ly 


17 .00 


15 . 25 


15.00 


k0 


50 .00 


15 .75 


17.00 


21 


11.00 


16 . 00 


10.00 


22 


10.00 


17 .75 


21.00 


22 


40 .00 


32.25 


16.00 


24: 


27 .00 


26.25 


15.00 


GROUP N’ZAN 


25.83 


21 .21 


15.67 


GROUP VAR I aN C l 


26c .97 


51 .cl 


12.67 


GUEST ION fMAN 


24.00 


18 .79 


16.12 


luZSTICN VARIANCE = 


lc7 .48 


41.02 


25.51 


EISPL 


^Y MAN 


= 19.64 




DISPL 


AY VAHl.iNCZ = 96.65 





TABLE V-j 



ANE VARIANCE BY GROUP, CUESTICN, DISPLAY, AND TETATN'ENT 
COLOR ilGUEATIVE ( 3LLE/0F.Ai\G v } DISPLAY f? 3 



SUSJICT 




TYPE 


ALLEG I ANCE 


ECTF. 


1 




6 .00 


13.25 


11.00 


c 




7 .00 


14 .00 


17.00 


3 




ly .00 


13.25 


13.00 


4 




10 .00 


12.50 


10.00 


c 




13 .00 


13.00 


12.00 


6 




23 .00 


9.75 


23.00 


GROUP N'EAN 


- 




12 .63 


14.33 


GROUP VARIr*NCE 


= 


41 .07 


2 . 22 


23.67 


7 




11.00 


12.25 


14.00 


6 




11 .00 


14.25 


15.00 


y 




10 .00 


14.25 


6.00 


IG 




12.00 


15.25 


16.00 


11 




33 .00 


IS .00 


37.0 a 


iii 




11 .00 


24.25 


16.00 


GROUP N'EAN 


=: 


14.67 


16 .37 


16.00 


GROUP VARIANCE 


=: 


61 .07 


16 .39 


96 .00 


13 




10 .00 


10 .75 


22.00 


14 




11.00 


6.50 


5.00 


It 




11 .00 


9.25 


10.00 


16 




15 .00 


9 . 50 


6.00 


17 




y .00 


5.75 


6.00 


16 




e .00 


9 .25 


16.00 


GROUP MEAN 


=: 


10 .33 


b .50 


11.17 


GROUP VARIANCE 




6.67 


3 .75 


43.37 


ly 




10 .00 


6.00 


6.00 


’d2) 




6 .00 


10.25 


6.00 


21 




10.00 


5.75 


9.0 0 


22 




6.00 


7 .75 


13.00 


23 




y .00 


14.00 


13.00 


24 




13.00 


16.0 0 


9.00 


GROUP MEAN 


= 


y .67 


10 .46 


y .33 


GROUP variance 


= 


3 .47 


14.09 


9.67 


CUESTICN MEAN 


= 


12 .00 


11 .99 


13.21 


CUESTICN VARIANC 


2 = 


< ■< au, 

o O' • w* 


17 .27 


49.39 




DISPLAY man 


= 12.40 






DISPLAY VARIANCE 


32.63 





c c 



TAisLI V-K 



MAK A^D VAR UN Cl 


BY 


GROUP, QUESTION 


, display, AND 


TREATMENT 




COLOR NTES EISPLAY 


3 




SUEJICT 




TYPE 


ALLEgIANCc 


SOTH 


1 




lb .20 


13.25 


21.02 


'c. 




23 .02 


6 .75 


11.00 


o 




16 .00 


10.75 


21.00 


4 




24 .20 


12 .50 


6.00 


Cv 




le .02 


13 .75 


b.00 






13.00 


11.50 


17.00 


GROUP rEAN 


— 


IS .83 


11 .75 


14.50 


GROUP variance 


=: 


17 .37 


3 .38 


35.10 


7 




21.00 


10.75 


9.00 


8 




13.00 


8 .00 


8.02 


y 




Ic .20 


11.50 


9.00 


iz 




21,00 


11.25 


10.00 


11 




14 .02 


13 .75 


13.00 


IP 




12 .02 


13.50 


9.00 


GROUP rEAN 


= 


15 .50 


11.46 


9.67 


GROUP VARIANCE 




13 .b0 


4.3b 


3.0 7 


13 




36 .00 


14 .75 


11.00 


14 




28 .02 


10.75 


10.00 


1^ 




11 .00 


10.25 


10.00 


le 




14 .00 


IS ,50 


16.00 


17 




b .00 


13.00 


6.00 


le 




20 .00 


23.50 


12.00 


GROUP MEAN 


= 


22 .00 


15.13 


10 .83 


GROUP VARIANCE 


~ 


125 .20 


25.62 


10.57 


lb 




6 .00 


11.00 


10.00 


P0 




21 .00 


10.25 


6.00 


21 




23.00 


8 .75 


7.00 


22 




10 .00 


b .25 


6.00 


23 




20 .00 


18.75 


17.00 


24 




15.00 


8.00 


10.00 


GROUP MEAN 


= 


16 .33 


11 .00 


9.33 


GROUP variance 


= 


07 .c7 


15.55 


17.47 


QUESTION MEAN 


= 


17 .b2 


12.33 


11.08 


CUESTICN VARIANCE 


- 


44 .76 


13 .47 


16 .76 


EISPI 


,AY mean 


13 .7c 




UI 


SPLAY VARIANCE = 


33.90 





Co 



TABLE V-1 



^ZA^■ am: VABIANC 




BY GROUP, 


QUESTION, L'l splay, AND 


TREATS EN 


COLOE 


r 


I GUP. AT IVE 


vGREEN/RED) DISPLAY ^ 3 




SUBJECT 




TYPE 


ALL —ij I A N C E 


BOTH 


1 




11 .00 


9 .25 


15.00 






c .20 


£ .00 


12.00 


3 




16.00 


8.00 


7.0 0 


4 




1 0 . 00 


12.00 


£.00 


C 




13 .20 


8.00 


10.00 


g 




9.00 


8.00 


12.00 


C-r.OlP riAN 




= 10. £3 


8 .87 


10.67 


C-ECUP VARIANCE 




= 11.77 


2.59 


£.67 


7 




9.00 


10.25 


7.00 


£ 




6.00 


7.00 


7.00 






11 .00 


9.20 


7.00 


IZ 




5.00 


9.75 


£.00 


11 




12 .00 


8 .75 


14.00 


12 




9.02 


13.50 


10.00 


GROUP f^EAN 




= 6 .63 


9.71 


C 


GROUP VARIANCE 




= 6.17 


4.69 


7.77 


13 




11.00 


6.50 


10.00 


14 




8.00 


8 .25 


8.20 


lb 




10 .00 


10.00 


6.00 


16 




7.20 


8 .50 


11.00 


1? 




9 . 00 


6.50 


6.00 


le 




20 .20 


11 .25 


17.00 


GROUP [^EAN 




= 10.83 


8 .83 


9.67 


GROUP VARIANCE 




= 22.17 


2.64 


17.07 


lb< 




10.00 


8 .50 


11.00 


22 




9 .00 


9.00 


9.00 


21 




6.00 


7.25 


7.00 






9 .00 


9.00 


7.00 


23 




lb .00 


14.75 


16.00 


24 




11 .00 


14.50 


20.00 


GROUP NZAN 




= 10.00 


10 .50 


11.67 


GROUP VARUNCE 




= t .£2 


10.63 


27.87 


CUESTICN N;EAN 




= 10.13 


9.48 


10.21 


lUESTIOM VAKIANC 


n 

r- 

U 


— 1 1 . 3o 

I SPLAY N;EAi 


4 .96 

N = 9.94 

IaNCE ^ 10.09 


14. c2 



TABLi V-r 



rZAN 


AND VARlAtNCZ BY GROUP, 


gUZSTICN, EISPLnY, ANE 


TREr.TN'ENT 




r'.Ci'.CCRRC^ATIC 


:/IES El SPLAY 4 




SUEJ 


ZCT lYFZ 


allegiance 


PC'^ P 


-1 

X 


11 .00 


25.33 


9.00 


'c 


17 .00 


17 

i. < • O 


9.50 




11.00 


p 'zn. 


14.0 0 


4 


32 .0 0 


3y .00 


16.00 


- 


^ ^ .00 


-7 c; 't T 

O w • O O 


15.50 




16 .00 


24 ^ 22 


11.00 


GHCUF 


r’ZAN = 20.17 


L9 .44 


12.33 


GFCUP 


VARIA^CZ = y2.67 


56.09 


£.17 


7 


y .00 


1 "iC 

X !_/ . O 


7.00 


£ 


£ .00 


11 .33 


6.00 


u 


14 .00 


ly .00 


13.00 




11.00 


15.00 


£.0 0 


11 


10 .00 


16.00 


9.50 


IF 


13 .00 


16.00 


11.00 


GHCUF 


f^ZAN = 10.63 


15.28 


9.42 


GROUP 


VARIANCE = 6.37 


6.16 


5.04 


13 


13 .00 


30 .67 


9.00 


14 


10.00 


14.67 


9.50 


It 


12 .00 


25.33 


11.00 


16 


16 .00 


19.67 


£ .00 


17 


10.00 


15.33 


11.50 


1£ 


16.00 


14.00 


6.00 


GROUP 


^■ZA^ = 12.67 


19 .94 


9.50 


GROUP 


VARIANCE = 6.27 


45 .71 


2.20 


ly 


y .00 


17 .00 


6.00 


F0 


20 .00 


17.00 


13.00 


21 


y .00 


15.33 


6.00 


2 2 


11 .00 


19 .67 


10.00 


23 


15 .00 


2/ ^ • ijXj 


21 .00 


24 


24.00 


23.00 


25.00 


GROUP 


("‘ZAN = 14.67 


21 .17 


13.63 


GROUP 


variance = 36.67 


53.15 


57.37 


QUZ5T 


ION N.EAN = 14.56 


21.46 


11.27 


CURBTION VARIAflCl = 43.62 


£4 .65 


19 . 54 




riSPLAY UZAN 


= 15.77 






Ul SPLAY VARIANCE = 5y .79 





TABLL V-n 



riAA Afs'L VAKIANCI iY 
COLOR 1 CUE AT 


GROUP, QUEST I 
IVE (5LUE/0RA 


ON, DISPLAY, AND TR 
pGE, DISPLAY 4 


EATMEN 


SUEJZCT 


TYPE 


ALLEGIANCE 


ROTE 


1 


12 .00 


10.67 


7.50 


c 


9.00 


10 .00 


5.00 




8.00 


7 'Z'? 


7.50 


4 


12.00 


11 .00 


.c 3 . 0 0 


c. 


13 .00 


10 .00 


7.00 


6 


16 .00 


11.33 


7.50 


GROUP UEAN 


12 . -00 


10.06 


9 . 56 


GROUP VARIANCE 


12 .40 


2.07 


44.14 


7 


18.00 


8.00 


-.0 0 


e 


16 .00 


12.33 


10.50 




12 .00 


17.00 


6.00 


lo- 


37.00 


16.67 


17.00 


ll 


13 .00 


9.00 


7.00 


12 


31 .00 


21.00 


10.50 


GROUP UEAi^ 


21 .50 


14.00 


9.50 


GROUP VARIANCE 


103 .50 


2b .76 


17.60 


13 


24 .00 


12.67 


5.50 


14 


6.00 


6.67 


7.50 


lb 


7 .00 


9.67 


6.50 


16 


9 .00 


S . 33 


6.50 


17 


7.00 


8.67 


4.50 


16 


6 .00 


11 .33 


6.50 


GROUP MIAN 


10 .50 


9 . 56 


6.17 


GROUP VARIANCE 


44.30 


4.69 


1.0'^ 


19 


6 .00 


7 .33 


5 . 50 


P0 


14 .00 


7.67 


6.00 


21 


7.00 


7.00 


4.50 


22 


9 .00 


7.33 


6.00 


23 


10 .0id 


9 .67 


7.50 


24 


13.00 


9.67 


7.00 


GROUP MEAN 


10 .17 


6.11 


6 . 42 


GROUP variance 


7 .77 


1.50 


1 . 74 


QUESTION MEAN 


13 .54 


10.43 


7.92 


QUESTION VARIANCE = b9 .04 

LI SPLAY MEAN 
DISPLAY VARIANCE 


12.36 

= ^ 

^ CJ • o 

= ^ a i=> 


16.64 



cC 



TABLZ V-o 



!^5AN AND VAEIANC 


Z BY 


GRCUP , 


gUESTICN , 


DISPLAY, AND 


TPEATrEN 




COLOR NTDS 


display 


f? 4 




SUSJZCT 




TYPZ 




ALLEGIANCE 


ECTH 


1 




15 .00 




6.67 


7.00 


A 




c .00 




6 .67 


6.00 


'i 




17 .00 




8.00 


6.00 


4 




14 .00 




6 .33 


14.00 


Cs 




13 .00 




y .67 


7.50 


6 




22 .00 




y .67 


7.50 


GEOUP ["IAN 


= 


14 .50 




8 .64 


6.33 


GP.CUP YAP I an CE 


= 


27 .50 




0 .4c 


8.17 


7 




15 .00 






7.00 


t 




S .00 




7 .00 


6.00 


y 




11 .00 




15 .67 


10.00 


le 




14.00 




8.67 


7.00 


11 




16 .00 




12.00 


11.00 


Ik 




21 .00 




20.00 


10 .00 


GROUP N'EAN 


= 


14.17 




12 .11 


6.50 


GROUP VARIANCE 


— 


ly .77 




24.12 


4.30 


13 




23 .00 




JL V./ • o w 


5.00 


14 




11.00 




9 .33 


6.00 


lb 




11 .00 




10.33 


11.00 


15 




14.00 




18 .33 


12.50 


17 




18.00 




y .67 


6.00 


Ifc 




26 .00 




11.00 


7.50 


GRCUP f^EAN 


— 


17.17 




12.00 


6.63 


GROUP VARIANCE 


— 


39 .77 




11.64 


5.67 


ly 




12 .00 




y .33 


6.00 


c2 




12 .00 




C . b 3 


6.50 


21 




y .00 




8.00 


6.00 


22 




10 .00 




14.67 


9.50 


23 




14 .00 




11 .67 


7.00 


24 




15 .00 




11.67 


7.50 


GROUP I'-.ZAN 




12 .00 




10 .61 


7.42 


GROUP VARIANCE 


= 


5 .20 




6 .48 


1.94 


GUEST ION i'^EAN 


= 


14.46 




10 .89 


8.27 


CUZSTICN VARIANC 


E = 


23 .56 




11 . 12 


4.70 




DISPLAY rZAN 


= 


11 .21 






DISPLAY VAR I 


nNCZ = 


19 .28 





cV 



TAELI V-p 

ANE VARIANCE BY GROUP, QUZSTICN, DISPLAY, ANL TRZATf^Zf.T 





COLOR ilGUPATIVZ -,GRZEN/ 


RED) DISPLAY ff 4 




SUEJ 


ZCT 


TYPE 


ALLZG I ANCE 


EOTH 


1 




10.00 


9.67 


7.30 


'B 




c .00 


10 .00 


8.0 0 


'i 

«_/ 




11.00 


9 .33 


4 . 50 


4 




23 .00 


9.67 


11.00 


u 




10 .00 


10 .00 


12.50 


6 




b) .00 


U 


10.00 


GROUP 


i^ZAN 


11 .30 


9 .67 


£ .92 


GROUP 


VriRIiiNCZ 


3^.70 


0 .09 


8.14 


7 




9.00 


7 


6.00 


8 




6 .00 


9.67 


3.00 


b 




9 .00 


9 .00 


7.00 


in 




6.00 


14.00 


6.00 


11 




9 .00 


6 .67 


3 . 30 


1 i£ 




11 .00 


14.33 


13.30 


GROUP 


MEAN 


6.57 


10.17 


7.17 


GROUP 


VARIANCE 


2 .67 


10 .78 


10.07 


13 




1 0 . 0 


15 .00 


18.00 


14 




16.00 


18 .00 


6.50 


13 




10 .00 


7.67 


7.30 


16 




10 .00 


12.00 


6.00 


17 




7 .00 


8.33 


5. 50 


IS 




13.00 


9 .67 


7.50 


GROUP 


II 


11 .67 


11 .76 


6.50 


GROUP 


VARIANCE 


16 .27 


16.47 


22.30 


lb» 




13 .00 


9 .67 


10.00 


S0 




13 .00 


14.33 


6.00 


21 




13.00 


7.33 


4.50 


22 




12 .00 


15.00 


£.00 


23 




14 .00 


1 C=. '<'7 


14.50 


24 




C30 

« — 1 


17 .67 


10 . 30 


GROUP 


P EAN 


13 .00 


13 .22 


6.92 


GROUP 


VARIANCE 


0 .40 


15 .19 


12.74 


OUZST 


ION ^.EA^i 


11 .21 


11.21 


£.37 


CLZSTIOM VARIANCZ = 


14 .33 


11.29 


12.11 




T C 


PLAY 


= 10.23 






DISPLAY VARIANCE 


= 14.04 






II II II IMI II II II 




TAiLL V-q 

MaK ANE VAKIAiNCI EY group, CLISTIC.N, display, khl) YRZAT'^ZNT 
hCNCChRCr-ATIC NTES DISPLAY f? U 



SUEJLCT 


TYPE 


allegiance 


c p m u 


1 


12 .00 


9.00 


12.00 


A 


17 .00 


12.00 


19.00 


'I 


16.00 


11 . 00 


12.57 


4 


16 .00 


13.00 


12.57 


c 


23 .30 


14 .00 


13.67 


6 


15 .30 


23.00 


1C 

X o 


GROUP ^'ZAM 


- 17.33 


13.67 


14.72 


GFCUP VAPIiii\CZ 


= 14.17 


23 .67 


7.62 


7 


IS .50 


5 . 0 0 


8.57 


5 


6 .00 


9.00 


6.67 




14 .30 


11.00 


16.00 


10 


9 .50 


11.00 


'^.67 


11 


10 .30 


7.00 


7.67 


12 


13 .30 


10.00 


1 


GP.CU? rZAN 


= 12.42 


e .83 


9.67 


GROUP VARIANCE 


= 14.64 


3 .77 


12.16 


13 


15 .00 


5 .00 


17? ^ T 

X ^ 


14 


15.00 


8.00 


14.67 


13 


12.00 


7 .00 


11.00 


16 


16 .00 


11 .00 


20.00 


17 


10.50 


9 . 00 


7.67 


16 


17 .00 


6.00 


10.67 


GROUP f"ZAf^ 


= 14.36 


7 .67 


12.69 


GP.OUP VAP.IAi-.CZ 


= 8.24 


4.67 


17.93 


19 


27 .00 


9 .00 


1 r 


20 


14 .00 


13 .00 


1 7? 's'Z 
X I— • 


21 


10.50 


4 . 00 


7.33 


22 


16 .30 


8 .00 


10.67 


23 


2c .30 


22.00 


17.00 


24 


IS .50 


46.00 


1 r- ^ n 
X ‘ ^ 


GROUP UZAi\ 


= IS .63 


17 .00 


13.00 


GROUP VAR IAN CZ 


= 44.77 


239.20 


14.38 


OUESTIOU f-iZAi^: 


= 15.79 


11.79 


12.57 


lUZSDICN VARIA.'j 


CZ = 24.22 


74 . 17 


14.63 




DISPLAY r-ZAL 


— -• 7? 'TC 

j. 1.^ • <2- 






DISPLAY VARInNCZ 


= 39.72 





TA£L£ V-r 





/iKj VARIa^CL RY 


GROUP, OuZSTiCN, 


PISPLA 


Y, :^KL TP. 


ZATYZK ' 




CCLCF ilGURAT 


r;z (£lu£/cea:.gz 


; nspi 


AY s 5 




SLEj: 


7 r 
u 1 


V YPZ 


ALLZGIA 


f.CZ 


ECTH 


1 




13 .02 


6.00 




12.33 


A 




14 .C0 


4.00 




7.67 


•z 




24.50 


5.00 




9.67 


4 




14 .50 


5.00 




9.00 






25 .00 


4.00 




9.33 


6 




11 .00 


4.00 




10.33 


GHCUf 


r^ZAi'i 


17 .OS 


4.67 




9.72 


GHCUP 


\A-.PIziNCZ 


36 .y4 


0 .67 




2.41 


7 




30 .50 


6.00 




7.67 


c 




21 .00 


6.00 




^.67 


y 




22 .50 


6.00 




£.0 0 


IZ 




17.50 


5.0 0 




14.67 


11 




15 .00 


8 .00 




12.00 


1 A 




4b .00 


9 .00 






C-P.CUP 


i’^:ZAM = 


25 .25 


6.57 




11.39 


GPObP 


VAEIAACZ 


121 .68 


2.27 




12.75 


15 




26 .00 


4.00 




8 O'' 


14 




9.50 


3.00 




3.33 


lb 




11 .50 


5.00 




5.67 


16 




8 .00 


3.00 




6.67 


17 




6 .50 


4.00 




5 . 33 


IS 




9 .50 


4.00 




7.00 


GECUP 


rZAiN 


12.17 


4.67 




6.69 


GEL UP 


VAHIANCZ 


47 .37 


3.07 




1.63 


ly 




15.00 


4.00 




3.00 


A'0 




19 .00 


4.00 




7.00 


21 




7.50 


4.00 




7 t "z 


22 




13 .50 


4.00 




9.33 


23 




14 .50 


5.00 




11.67 


24 




11.50 


4.00 




12.67 


G?X*U? 


i”’ZAN 


13 .50 


4.17 




9.33 


GROUP 


Vf.F. lA.i\CZ “ 


14 .70 


0.17 




5.57 


QLIST 


I C 'i f’. i A 1 i = 


17 .00 


5.04 




U 

37 • V-/ 


OUZSl 


lori VAEIA.\CZ = 


7b .02 


2.30 




7.56 




riSFL 


AY rZAK 


10 .46 








^ISPL 


AY VARInNCZ = 


52.31 










TABLE V-s 



'"ZAN ANE V^HIiiNCiL BY GRCUP, QLZS'ilCN, DISPLAY, AND TPlATf-'lNT 



SU5J 


ZCT 


T Y P Z 


ALL EG I AN Ci 


EG TP. 


1 




1*1 .50 


6 . 0 0 


£.00 


c 




12 .00 


4.00 


11.67 


'Z 




14.50 


6.00 


7.67 


4 




24 .5ic-' 


5.00 


£.33 


C 




ly .00 


4.00 


10.67 


0 




33.00 


5.00 




GRCUr 


N Z AN 


= lij.ia 


5 .00 


9 . 2£ 


GHCL'P 


\ARIr*NCE 


= t2.74 


0 .£0 


2.56 


7 




22 .50 


6 .00 


8.67 


>- 




13 .00 


6.00 


7.67 






20 .00 


5.00 


7.67 


IZ 




15.00 


6.00 


16.00 


11 




13 .00 


4.00 


10.00 


IZ 




14 .50 


w • o o 


12.57 


GROUP 


I^ZAN 


= 16.33 


5. £3 


10.45 


GROUP 


VARIANCE 


= 15.77 


1 .77 


10 .91 


13 




34 .00 


7.00 


16.67 






15.00 


5.00 


10.33 






22 .50 


5 . 00 


10.00 


16 




17 .00 


10 .00 


17.00 


1? 




15.00 


8 .00 


7.67 


T Q 
a. w 




17.50 


6.00 


U 'X'l 


GROUP 


f'^ZAN 


= 20.17 


6 .83 


11.63 


GROUP 


V.ARIANCE 


= 53.47 


3 .77 


15.86 


l!:^ 




6 .50 


5.00 


7.67 


20 




14 .00 


3.00 


6.00 


21 




5 .50 


3.00 


8.00 


r- <-* 

4 4 




13 .50 


5 .00 


12.00 


23 




13 .00 


S .00 


9.67 


24 




11.50 


8 . 00 


£.67 


GR.OUP 


N’ZA.N 


= 11.50 


w • 


6.67 


GROUP 


variance 


= 6 .10 


5 .07 


4.13 


,0 t ' — C T 
L JL 4. 


ION i'^'ZAN 


= 16. y0 


5 .75 


10.06 


^1 0 ^ kJ 1 


ICN VAR I AM 


CZ = 42.37 


2 .98 


6.60 






DISPLAY NZAN 


= 10.t>0 








DISPLAY VARI-iNCZ 


= 36.90 





TAELS V-t 



r-EAf. 


ANE lARIANCS EY GRCUP, CoSSTICN, 


DISPLAY , 


A NB 


TRZAirEN 




CCLCE rlGURA'ilVZ ',GRSIK/PZL 


) DISPLAY 


-M- t- 

r* w/ 




SLEJ 


E C T TYPE 


ALL— Gi.ANCi 




ECTK 


1 


11 .52 


5.22 




y .67 


A 


b . 5 7.' 


3.22 




y.0 0 


"7 


IZ .52 


4.22 




7.2 2 


4 


IP .52 


5.22 




11.67 




11.52 


4 . 00 




y .02 




Ic .52 


4.22 




12.33 


GEOUP 


MAM = 11.82 


4 . 17 




y . 4 7 


GSCUP 


VARIa.MCZ = 7.27 


2 .57 




P.43 


7 


17.22 


5.22 




1^'^.67 


P 


P P .52 


4.00 




6.67 


b 


1-ii . 52 


7.00 




7.02 


IZ 


8 .52 


4.22 




6.33 


1 1 


14 .20 


3.00 




6.67 


IP 


13 .22 


5.00 




11 .20 


GF.CU? 


I'-'ZAN = 14.9P 


4.67 




6.39 


Gr.CUP 


VARIANCE - PI .74 


1 .67 




4.24 


1 '7 
^ <_/ 


11.52 


5 .00 




6.00 


14 


13 .22 


4 . 22 




c; «7 


i-- 


12 .22 


4 .20 




7.33 


Ic 


11 .52 


3.00 




11.67 


17 


IP .52 


4. 20 




6 . 33 


IP 


10 .20 


5.00 




6.67 


GRCUP 


N'EAN = 11. 4P 


5.00 




7.95 


GRCU? 


variance = 1.54 


P.40 




4.51 


ly 


17 .52 


5.02 




11.00 


P'2 


Ic .50 


5.00 




14.00 


PI 


13 .52 


3 . 20 




• O Vw 


#*> < 
CC 


Ic .52 


4 .02 




7.67 


25 


ly .52 


5 . 00 




19.67 


24: 


ly .22 


12.2 2 




14.33 


G H C L ir 


•'■’ZAM = 17.0P 


- 7 7 




IP . 17 


GRCUP 


--.RIANCE = ^.c4 


5 .67 




P 4.00 


'' f ; T c; 'T 


1 C 1 i ^ A il ■“ 1 ^ . c 1 


4 .7y 




y .49 


:USET 


ION VARIANCE = 13. ly 


P .5P 




12.4c 




DISPLAY man 


y .3c 








DISPLAY VAR. l.-iiiCE - 


PP .P4 







Ca 3 a) fS) c-^ cn u: o:> ca o> cs) (Ti <s: cd < j ) C/3 cs cTi fS3 

C/«l -<I ^ C/J CS2 O n) -O -<3 Ca -<J C5 CC *0 01 fS. -g *<3 ("J C/3 



TABLE VI-c 



AND VARIANCE BY C’JESl ICN , DISPLAY, 



AND TRSATr^ENT 



DISPLAY ri 1 



TREATMENT 


TYPE 


AIIEGIANCE 


BOTH 




MONCCHROMATIC NTDS 






MEAN 

VARIANCE 


= 13. 

= 42.11 


9 .38 
15 .29 


7 .92 
6.99 





CCLCR PIC-DRATIVE ( 3LUE/0RANGS ) 




N EAN 

VARIANCE 


= £.75 5.79 

= 34.54 4.54 


5.52 

5.17 




COLOR NTDS 




MEAN 

VARIANCE 


= 12.71 5.94 

= 14.91 2.66 


7.16 

7 




COLOR FIGURATIVE (GREEN /RED) 




MEAN 

VARIANCE 


= 7.54 5.96 

= 5.65 3.71 


5.56 

o • w ^ 






TABLE Vl-d 



MAK AND variance BY CCESTICN, DISPLAY, AND TP.EA'iT-’EN T 



T> 

JJ 



ISFLAY fi c 



TREATN'ENT 


TYPE 


ALLEGIANCE 


BOTH 




FCNCCERCMATIC NTDS 






FEAN 

VARIANCE 


= 16. D4 

= 36.64 


14 .51 
R4 .R7 


7.46 

11.91 




COLOR FIGURA'I iVE ( ELUE/ORANGE ) 




FEAN 

VARIANCE 


= 6.54 

= ie.?6 


6.76 
14 .10 


5.46 

5.30 





COLOR NTDS 




FEAN 

VARIANCE 


= 13.67 9.2:^ 

= 12.73 7.63 


6.88 

4.81 




COLOR FIGURATIVE (GRSEN/RED) 




FEAN 

V A.R I A N C S 


= 9.69 9.62 

= 7.34 10.23 


W • ^w> O 
1.62 



TAiLL VI-c 



AND VAitlANCI BY CUiSY’ION, DISPLAY. AND IRZATNINT 



DISPLAY D 



'IRIATMNT 



T vDtr 

... J. X 



AILZD I AKC i 



3C 



MAN 

VAPIAN'CZ 



NCNOCHRONATIC NTDS 



1 c . 1 P 
P5.51 



16. V9 

157.46 41. 2*2 



NiAN 

VARIANCE 



CCLCP. ilGURAHVL ( BLUE/CRANGE ) 

11.99 13.21 

17.27 49.39 



12 .ee 



COLOR NTDS 



NEAN 

VARIANCE 



17.92 12.33 ll.ro 

44.78 13.47 16.76 



N EAN 

Variance 



COLOR EIGURATIVE (GREEN /RED) 

10.13 9.48 10.21 

11.33 4.96 14.62 



TABLE VI -a 



AM' VAEIANCE BY QUSSTICN, DISPLAY . AND TREATMENT 



DISPLAY # 4 



TREATMENT 




TYPE 


ALLSG lANCE 


BOTxH 






MONCChROPATIC NILS 






YEAN 


= 


14.58 


21.^6 


11.27 


VARIANCE 


= 


43.62 


64.65 


19.54 



PiAN 

VARIANCE 



COLOR IIC-IJRATIVE ( BLUS/ORANGE ) 

13.54 1Z.43 V.92 

by. 04 1Z.36 15.64 



rSAN 

VARIANCE 



COLOR NTDS 

14.46 10.69 8.27 

23.be 11.12 4.70 



COLOR EIGURATIVE (GREZN/EEE) 



l^EAN 

Variance 



11.21 11.21 6.37 

14.35 11.29 12.11 



be 



TABLi' Vl-e 



AND \AHIANCZ BY CLZSTICN, DISPLAY , AND L Hlr.Tf^ZN ' 



DISPLAY c 



ZRZ ATl^'ZN T 



TY FZ 



AIIiv^IAKCZ BOTH 



lYONCCERCMATIC KIDS 



r'ZAf: 

VARIAMCZ 



15.79 11.79 1A.57 

74.17 14. £D 



CCLCR FIGURATIVZ ( BLUE/CRANGE ) 

^:ZA.N 

VARIANCE 



17. 5.^4 9.3 

75.02 2.30 7.5 



CCLGR NTDS 

N'EAN 

VARIANCE 



ie.90 5.75 10.06 

42.37 2.9S B.C0 



CCLGR ElGURAllVZ (GRZZN/RZD) 



4.79 9.49 

2.52 10.46 



N’ ZAM 

VARIANCE 



13.81 

13.19 



I) Ca3 



TABLE VII 



^EAf. AND VARIANCE 3Y CuZSTION AND TREATMENT 



TREATMENT 



TYPE ALLEGIANCE 



NiCNCCHRUhATIC NTDS 



^ EAN 

ViiRlANCE 



16.81 ID.li:* 

76.11 68.16 



CCLOH HGURATIVE ( BLUE/CR ANGE ) 

YEAN = 11.97 8.4D 

VARIANCE = 61.84 16.88 



COLOR NTDB 



yean = 14.73 6.83 

VARIANCE = 33.84 14.38 



COLOR ."IGURATIVE (GREEN /RED) 

YEAN 

VARIANCE 



10.48 8.88 

14.86 12.82 






EOTR 



11.27 

86.46 



6 . 4o 
23.64 



8 . 69 
11.34 



7.60 

12.20 



TAiLS VIII 



rZAN aMi; ^yARlANCZ iY THIATMNT 



TREATMENT 




MEAN 


VAR IAN C 


r ONCCERG^iATIC N 


TLC 


14.25 


5G . cl 


COLOR FIGURATIV 


Z (jI JE/CRANGE) 


G . 62 


33.13 


COLOR NTLS 




IG .?5 


27.46 


COLOR FIGURATIV 


Z (GREZN/RED) 


S . 33 


14.21 






A?PZi\DIX G 



.EXPLP.I^ENT 2 SCORES 



' ^CNC 


CHRQi'^ATIC r 


^TES 1 1 


COLOR 


figupati 


VI 1 


1 

1 

1 




1 

1 1 


(Gfv 


EZN/P.ED) 


1 

1 

1 


! TYPE 1 


A L L X- Cr I A N C E 


1 TOTAL 1 1 
1 1 1 


TYPE lALI 
1 


SGIANCE 


1 TOTAL 1 
1 1 


1 1 
1 14 ! 


15 


1 1 1 
1 29 1 i 


16 1 


16 


1 1 
1 32 1 


! It \ 


15 


I 1 1 

1 1 1 


14 1 


13 


1 27 1 


1 le 1 


15 


! 31 i 1 


15 1 


12 


1 27 1 


' ? 1 


6 


! 13 1 , 


16 1 


12 


1 26 1 


1 14 1 


12 


! 26 II 


10 1 


12 


1 22 1 


1 IE 1 


11 


1 23 1 1 


13 1 


15 


1 26 1 


I 14 ; 


14 


1 2E j , 


13 1 


12 


1 25 1 


1 14 i 


16 


1 30 1 i 


le 1 


16 


1 34 1 


, 17 i 


IE 


1 T 1 ■ 

1 w II 


16 1 


12 


1 I w 1 


' *1 1 
1 1 


IG 


i 23 1 i 


14 1 


14 


, 26 1 


! i;< 1 


11 


! 24 11 


12 1 


10 


1 O 1 

\ 1 


I Ici 1 

1 1 

1 1 


IE 


1 36 1 1 

1 1 i 


13 1 
1 
1 


13 


1 le 1 
1 1 
1 1 


j ^'EA^J = 1^.92 1 

1 1 


12 .42 


1 1 I 

1 1 1 

1 • . o T r? 1 . 

\ C. ( • 1 .^ 1 1 

1 1 1 


1 

1 

1 

1 

1 tH 

1 

1 

1 


13 .06 


1 1 

1 1 

127.251 
1 1 


iVARIANCE= 7.72j 


12.45 


1 1 1 
136.241 i 


4.70 1 


3.36 


1 12.021 



AFPINEIX H 



CChPUTEH FRCaHAP TC CALCULATE MEANS i\NL VARIANCES 



This proeren calculates rreans ana variances 
for n -1 aei'rees of freedon, . 

real array ( 4 , h , ,«o ) , c sum ( 4 , 5 , 4 , 3 ) , cx oa r ( 4 , 5 , 4 , 3 ) 
real cver(4,h,4,3) ,qsum(4,h,3) ,qxDar(4,b,3) 
real q’/ar(4,5,3) ,axSar(4,5j,dvar(4,5) 
real ixcar(4,3;,ivar(4,3) 
real mxber(4) ,mvar (4) 
real sum , csquare , firs t , second 
integer mcde,disp,suDj, cues, group 
Input data from file called matrix, 
do 12 moae=l,4 
do 11 disp=l ,h 
ao I'd su D j=l ,A4 

read(5,l}(ar ray (mode, cisp, sub j,ques), ques 
continue 
continue 
continue 

Calculate the group means and variances, 
do 41 mode=l ,4 
do 42 disp=l,5 



dc 43 cues=l 
sum= 0 . i 
do 44 subj= 
sum = sum + 



I 



if ( sub j 
if ( subj 
i f ( s u b ,i 
if ( sub j 
if ( sub j 
i f ( s u b j 
if ( subj 
if ( subj 
if (subj 
if ( sub j 
if ( subj 
continue 
continue 
continue 
con t inue 
do 43 moae= 
do 46 disp= 
dc 47 ques= 
csquare = 0 .2 
do 46 sutj= 
f ir s t=array 



eq 
eq 
.eo 
eq 
eq 
eq 
. eq 
,eq 
, eq 
•eq 
■eq 



1,24 

array(m ode, disp, subj, ques) 

. 6 ) csum (mode , d i sp , 1 , ques ) =sum 
. 6 }cxbar(mode,disp,l,ques)=sum/ 6.2 
. 6 }sum= 0.0 

. 12 ) csum(mod e , di sp, 2 , ques ) =sum 
. 12 )cxbar(mode,disp, 2 ,ques)=sum/ 6.2 
. 12 )sum= 2.2 

. 13 ) csum imode , di sp, 3 , ques ) =sum 
. 16)cxoar(mode,disp,3,ques)=sum/5.0 
. 13)sum=2.0 

. 24 ) csum (mode, disp, 4, ques )=sum 
. 24)cxbar(mode,disp,4,ques)=sum/6.0 



1.4 

1.5 
1 ,3 



1 ,6 

(mode, disp, sutrj, ques) 



secona=cxD5r^iT!oae,aisp,l,qi;es] 
csquare=csquare + (firsi - secona)=^"''k: .0 
48 ccntinue 

cvcr(nioae,aisp,l,ques)=csqi:are/8.0 
csqv:are = 0 . 0 
d C 4y SU D.'i=7 , 12. 

firsi=arra7(rT-oae,lisp,5utj,qves) 
second=cxcar(!TOG.e,(lisp ,ii,ques) 
csquare=csGuare + irirsi - seccna )^*''2: .0 
a:y continue 

cvar(rTode,aisp,2i,uues)=csquars/5.0 

csquare=0 .0 

io c0 suDj=l3,lc 

firsx = arra 7 (rrcae,aisp,su'oj,qi:es) 

seccnd = cxcar', .Ticde ,disp ,3 ,ques ] 

csquare = csqua re + (first - second ) ="^'8 .0 

50 continue 

c var ( -"Ode, oisp, 3, quesy=c square/5.0 

csquare=^ .0 

do 51 SUDj=iy,84 

first = arra.y(Tcde,disp,suD.i,ques) 

second=cxoar{rr,ode,disp,4,ques) 

csquare=csquare (first - second)^ ^‘2.0 

51 continue 

cvar(mode,disp, 4, ques)=c square/5. 0 
4? continue 

4c continue 

45 continue 

Calculate tde question rreans ana variances, 
dc 52 mcde=l ,4 
do 53 di sp=l , 5 
do 54 ques=l,3 
sum=0 . 0 

do 55 sroup=l,4 

sum = sun + csumlmoae, disp, group ,ques } 

55 continue 
qsum(mode,disp,ques)=sum 
qxbar{iTOde,disp,ques;=sum/24.0 
c sc uar e=0 . 0 

do 56 su b j = l ,24 

f irs t=ar ra 7 ( mode,disp,subj,ques) 
second =G X bar', mode, disp, cues) 
csquare=csquare + (first - second ) ^'*^'2 . 0 

56 continue 

ova r( mode, disp, cues)=c square/23. £ 

54 continue 

53 continue 

52 continue 

Calculate tPe display means ana variances, 
do 5? moce=l ,4 
do 58 disp=l,5 
sum = 0.0 
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c 



dc ques=l,2 

sum=surr + qsurr (mcd e ,d i sp , que s ) 
ty continue 

dxdar(rroae,cisp)=surr/7iL.0 
c sc uar e=0 . 0 
do 60 su D j=l ,24 
do 61 ques = l ,3 

dirsi=arra.y{rncde,disp,sucj,ques) 
second=dxDar(iTOde,disp) 
csquare=csquare (first - second ) ''^'■‘2 .0 
61 continue 

60 continue 

dvar(rrcae,aisp)=c square/ 71.0 
t£ continue 

67 continue 

G Calculate the treatment r^ean S. variance, 

dc 66 mcae=l,4 
sum = 0.0 
do 66 disp=l,5 
dc 67 suc.i=l,24 
do 66 ques=l,3 

surr.=sum + ar ray ( rrcde , a 1 sp , su b j , q ues ) 

66 continue 

67 continue 

66 continue 

mxbar(mcde)=sum/360.0 
csquare=0 .0 
do 69 disp=l,5 
dc 70 su bj=l ,24 
do 71 ques=l ,3 

first=arra 7 (moGe,disp,subj,ques) 
second=mxbar ( mcde ) 

csquare=csquare + (first - second) *^'^2 . 0 
71 continue 

70 continue 

69 continue 

mvar{mode)=csquare/369.0 
66 continue 

c Caiculate the trea tmen t/que s t i on mean & variance, 

do 72 mode=l ,4 
do 73 ques = l ,3 
sumi = 0.0 
esq u are = 0.0 
do 74 disp=l,6 

sum = sum qsum(mode,disp,ques) 

74 continue 

txbar{mcde,Ques ) = sum/120.0 
10 75 di sp=l ,6 
do 76 subj=l,24 

first= array 'mcde,disp,subj,ques) 
second=txoar(mode,ques) 

csquare=Gsquare + (first - seccna)^^'2 .0 
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75 ccniinue 

75 continue 

tvar(rr.oae,ques)=csqudre/119.2 

73 ccntinue 

?c continue 

Output the data, 
dc 63 di sp=l ,5 
10 62 iTioie=l,4 
vv ri te ( c , 105 ) 
vr i t e ( 6 , 125 } 
wri te ^ 6 , 150 } 

if(rtode .eq. l)write(c,2)disp 
ifimcde .ea. 2/writei6,3)disp 
if(rnode .eq. 3)write(6,4)iisp 
if(rrode .eq. 4 } wr 1 1 e ( 6 , 5 ) d i sp 
wr i t e ( 5 , 7 } 

1C c4 SUDJ=1 ,24 

write(6,s)suoj , (array! node, lisp, su'oj ,ques / , 
iftsuo.i .eq. 24)gc to 100 
if(subj .eq. Ici^'o to 110 
ii(subj .eq. 12;go to 120 
ii'lsubj .eq. 6)sc to 130 
go to c4 

130 wri te( 6 , 20 ) ( cx oar ( ncae , 0 i sp , 1 ,ques ) , ques=l,3) 
write(6,2l)(cvar^mcde,disp,l,ques), ques=l,3) 
go to 64 

120 wr i t e(6 ,20 ) ( cx car ( node , di sp ,2 , ques ) , ques=l,3) 

write(e,2l}(cvar(ncde,iisp,2,ques), ques=l,3) 
go to 64 

110 vri te( 6 , 20 } ( cx bar ( node , 1 isp , 3 , ques ) , ques=l,3) 
vrite(6,2l) (cvar(ncde,disp,3,ques) , ques=l,3) 
go to 64 

100 wri te ( 6 , 20 ) ( cx bar{ node , li sp , 4 , ques ) , ques=l,3) 

write(6,2l) !.cvar(ncde,disp,4,ques) , ques =1,3) 

64 ccntinue 

w rite(6, 22 )(qxbar(node, lisp, ques) , ques=l,3) 
write(6,23)(qvarlncde,disp,ques) , ques = l,3) 
write(6,24)dxbar(node,aisp) 
vr i te( 5 , 25 ) ivar ( ncde,iisp) 

62 ccntinue 

63 continue 

do 77 disp=l,5 
write(6, 105) 
w ri t e ( 6 , 126 ) 

V r i t e ( 6 , 32 ) 



write(6 ,33)disp 






wri te(6 , 34) 






do 76 node=l,4 






i node 


.ea . 


1 ) vr i t e ( 6 , 35 , 


i f ( n 0 d e 


. eq . 


2 ) wri t e ( 6 , 36 ) 


i f ( node 


.eq . 


3 ) V r i t e ( 6 , 37 ) 


i d ( n c a e 


.ec . 


4 ) vr i t e 6 , 36 ) 



ques=l ,3) 
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7fc 

77 






97 



1 

105 

125 

126 
127 
I2e 
150 



2 

3 

4 

P 

7 

6 

£0 

21 

22 

£3 

24 

25 
£6 
27 
£b 



vriie(6,39)(qxoar(rrcae,aisp,ques), ques=l,3} 
wrii9(e,40j (qvar([roae,aisp,ques) , ques = l,3) 
coniinue 
continue 



vri te( 6 , 105 ) 
wr i te i 6 , 1£7 ) 
vri ie( 6 , 500 ) 

'A r i i e ( 6 , 34 ) 
do 99 mc(ie = l ,4 



ilCmode .eq. 1 ) wr i le ( 6 , 35 ) 
if(mode .eq. 2 ) wr i t e ( 6 ,36 ) 
ir(mcde .eq. 3)write(6,37) 
if (rode .eq. 4)write(6 ,36 ) 
vrite(6,39)(txbar(rr.oae,ques) , ques = l,3) 
writeic,40) ( ivar(ncde,ques ] , ques = l ,3) 



continue 
w ri te( 6 , 105 ) 
wri te(€ , 126 ) 
wri te ( c , £6 ) 
w r i t e ( 6 , 27 ) 

do 97 iTcde=l,4 



if (mode .eq. 1 ) wri te ( c , 25 ) mx Da r( rr ode ) , mva r (rro de ) 
if(mode .eq. 2 ;w^lte^S,29)lT.xbar(rrode) ,irvar(mode) 
if(mode .eq. 3 j wr i t e 16 , 30 ) mx ba r ( mode ) , mvar (mode ) 
if (mode .eq. 4 ) wr i t e (6 ,31 ) mx ba r ( mode ) ,mva r ( m'Ode) 
continue 
stop 

f 0 rma t ( 3 ( f 6 .£ ) ; 

forma t( 'l',//,lx, 'APPEND IX J ' , / ) 
fcrmatdx, 'TABLE V ',/) 
formatdz, 'TABLE VI ',/) 
f 0 rm.a t ( lx , 'TABLE VII',/) 
format llx , 'TABLE VIII',/) 

f 0 rma t ( lx , 'MEAN AND VARIANCE BY CROUP, QUESTION, 
DISPLAY, AND TRSA 
’■■'TMENT',/) 

formatdx, 'MONOCHROMATIC NTDS DISPLAY # ',i2) 

forma t( lx , 'COLOR ElCURA'i'IVS (BLUE/CRANGE ) DISPLAY^* ' , i2) 

formatdx, 'COLOR NTDS DISPLAY # ',!£) 

formatdx, 'COLOR EICURATIVE (GREEN/RED) DISPLAY 

fcrmatdx, 'SUB JSCT ' , t24 , '?YPE',t38, 'ALLEG lANCE ' , t56 , 

'BOTE',/) 

f orma t ( 4x , 12 , t22 , f 7 .2 , t3c , f7 . £ , t54 ,f7 .2 ) 
format \/ , lx, 'GROUP MEAN = ' , t£2 , f7 . 2 , i38 , f7 .2 , 1 54 , f 7 . 2 ) 
formatdx, 'GROUP VaR lANC E= ' t22 , f7 . 2 t3b , f 7 .2 154 , f 7 . 2 , / ) 
formatdx, 'QUESTION MEAN = ' t22 , f7 . 2t38 , f? .2 t54 , f7 . 2 ) 
formatdx, 'QUESTION VAR = ' , t£2 , f? . £ , t36 , f 7 . £ , t54 , f? . £ ) 
formatdx, 'DISPLAY MEAN =',t£2,f7.2) 
forma t (lx , 'DISPLAY VARIANCE =',t22,f7.2) 
formatd//,lx, 'MEAN AND VARIANCE BY TREATMENT',//) 
f 0 rma t ( / , lx , 'TREATMENT ' , t40 , 'MEAN ' , t50 , 'VARIANCE',/) 
format (// , lx , 'i''CNCCHRCMATI C NTDS ' , t36 ,f7 .2 , i50 ,f7.2) 



r^3 Cfi CA f/3 C/3 c^3 r>? 

cn fr -o O) ( T ry r>c m rs: 



29 former// , lx , 'COLOR FIG (BLUF/ORANGE ) ' i36 f7 . 2 tbO f 7 . 2 ) 
forrrati / / , lx , 'COLOR NTDS ' t3c , f 7 . 2 , t£0 , f7 . 2 ) 
fcrmax ( //, lx , 'CCLCR FIG ( GREEN/RED )' l38 , i'7 .2 , 1 50 , F7 . 2 ) 
format!//, lx, 'rEAK ANL VARIANCE 3Y CUESTION, 

DISPLAY, AND TREA 
-Tr^’iEM ' ,/ / } 

format!/, lx, 'DISPLAY #',i2) 

f orma t!/ / , lx , 'TREATMENT ' t33 'TYPE ' t43 'ALLEGIANCE ' t56 'BOTH ' ) 
format!//, lx, 'hONOChROhATIC NTDS') 
format!//, lx, 'COLOR FIGURATIVE ! ELUE/CRANGE ) ' ) 
format!//, lx, 'COLOR NTDS') 

forme t !//, lx , 'COLOR FIGURATIVE !GRESN/RED ) ' ) 
format!/, lx, 'NEAN = ' , t31 , f 7 . 2 , t4=3 , f 7 . 2 , t54 , f7 . 2 ) 

40 format ( lx, 'VARIANCE = ' , 1 31 , f7 . 2 , 1 43 ,f .2 , 1 54 , f 7 . 2 , / ) 

500 format!///, lx, 'MEAN AND VARIANCE BY 
CUESTICN AND TREATMENT',//) 
end 



ize 
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